
' ANNUAL RESEARCH PROGRESS REPORT

, RCS.M 28k(Rl)

30 SEPTEMBER 1978

E

IF d.' ,bt:tion L ,

'

LOMAAMW AMAy INS11UTUI Of IMAR PIU|SIDIO Of SAN FRANCISCO CALIFORNIA 94129

,79 11! 19 (93
-J- 

i-



B est
Avai~lable

Copy



SCCURS?'r CLASSIFICATION Of tWIS PAO9 (110. Di.. sm...

REPORT DOCUMENTATION PAGE '4FR COMPLTRIN FOR

MUM WW m.i Govt ACC9S$IOw NO. 31 MC..PItNT' CATALOG NUMUIER
'ANNUAL PSEARCH PROGRESS REPORT

U.S An edical Research and Development -(~ Tccnical Reor tI .t 77- 1%# Sep 7q

7AUlfpOft.oji CONTRACT 0R RANT WUNSI *2

I. PIRVOWAING ORGANIZATION NM AND AOONESS 10 00100MAN CLIENCNT.000 CT. TASKC
Aftiti A *00N9t UNIT NUM91E011

Letterman Army Institute of Research
Presidio of San Francisco, California~ 94129

II. CON?"OLLING OFFICC NA16E AND LDASS I.a MX-_
U. S. Army Medical Research and Dcvelopment I XSp7
Cosuand. Poet Detrick, Maryland 21701 IVPALY

It "T 31111116~w A41EN 1 6Al A6OUES1(IfIft boo~m hem S Offlea 16 SECURITY CLASS. (of this eP~f)

DISSwS9,YIO" STA? MEN? (oal a*. M~ui

APPFE~vE rck PUBLIC REIZASE; DISTIBUTICN UNLD41TED

I?. O4SVR~IO1 STATIMC? (o f"~ 0601roef on...In gleS M D IfPfform ho Ropees)

3'AiL~r?9 1 C
16 SItNEtUT NOD OTCe .,S .5 ~~w E ~~rA We we

rin rgr arn 69dne at telAtternan Army Institut*

skint diseases of military importance; the effects of hemorrhagic shock on the
heart. and brain; basic nutritional biochemistry; basic biochemical processes

scrodiagnosis of leishmaniasist the determination of exposure thresholds of
L coherent (see reverse)

S&Cvs1YY CILMPCATIO4 Or fl41 PASS Fim- oe; L.-. g



SECURITY CLASSIFICATION OF THIS PAGC(Wk 00 81000000

UNCLASSIFIDK

lock No. 20 (Cbnt)

radiation producing damage to the eye and skin: basic arid applied studies on

1blood and blood products storage: work performance on man and military dogs:

and resedrch computer science. The progress made in this fiscal year is des-

cribed in the rtxprts of the work units presented.

A

UNCLASSIPIED

.iti- --

SCUI¢utTT ¢C.AOMPICTM OF HIS l P&AG[(liWA DW*&,rW



FOREWORD

The research conducted at the Letterman Army Institute of Research,
Presidio of San Francisco, California, was accomplished in Fiscal Year
1978 under the following Department of the Army projects:

3A161101A91C - In House laboratory Independent Research

M161102BS02 - Basic Mechanisms of Recovery from Injury

3MI62772AS10 - Military Skin Disease

3MI62772A811 - Military Nutrition and Food Hygiene

3M162772A812 - Military esearch nimal Resources

3EI62772A813 - Health Effects of Military Lasers

3S162662A814 - Military Trauma and Resuscitation

Projects are subdivided into work units and studies, as appropriate,
to accomplish project objectives.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of laboratory Animals," as pro-

mulgated by the Qbmmlttee on Revision of the Guide for Laboratory Animals
Facilities and Care of the Institute of laboratory Animal Resources, Na-
tional Research Council.
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ABSTRACT

PROJECT NO. 3Al61101A91C In-House Laboratory Independent
Research

WJORK UNIT 40. 040 The Molecular Basis of Vitamin
Activity

The following investigation has been conducted under this work unit:

STUDY NO. 2 Development of a microfluorometric
assay for vitamin A

The most widely accepted method for extracting serum and plasma vitamin
A is a colorirtetric method which measures the intensity of the color
produced when trifluoracetic acid reacts with the vitamin A (retinol
plus carotene) obtained in a hexane extract of the plasma or serum
samples. Previous studies in this laboratory have required plasma
samples of 2 nl to perforn the analyses. A micromethod has now been
established which requires orly 0.5 ml. Computer programfs have been
written to perform calculations and comparisons of standards and samples
to insure the procedure conforrm to the new DII Good Laboratory Prac-
tices regulations. The disadvantages of the assay have been discussed
in a previous report fro" this laboratory and a study was Initiated to
compare the results obtained with colorimetric assay with those using
a direct fluorometric method. A good correlation was found between the
colorinetric and fluorometric assays, as well as an iminological method
for detervining plasma retinol binding protein (RBP). During the course
of these studies evidence was obtained which suggested that a second
plasma protein, not containing vitamin A (retinol) and chromatographi-
cally distinct from retinol binding protein, had a fluorescence excita-
tion and emission spectrum which was quite similar to that of retinol
binding protein. Since this protein could potentially interfere with
the vitamin A analyses using the direct fluorometric method, studies
were initiated to separate RBP from the interfering protein conveniently.
This was accomplished by ion-exchange chromatography or PEAE-Sephsdex.
The contaminating protein has been tentatively identified as the blue
opper-containing protein -eruloplasmin.
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BODY OF REPORT

IORK UNIT NO. 040 The Molecular Basis of Vitamin A
Activity

STUDY NO. 2 Development of a microfluorometric

assay for vitamin A

PROBLM

Vitamin A is essential for maintaining vision, skeletal development,
reproductive capacity, and normal differentiation of many epithelial
tissues (skin, trachea, etc.). With the exception of the role of
vitamin A as the light-sensitive prosthetic group of the visual pig-
ments, the mechanisn(s) of action is (are) not yet known. This lack
of basic knowledge has undoubtedly hindered the development of new
therapies involving vitamin A. Recent progress in the vitamin A
field has led to the use of derivatives of the vitamin for the effec-
tive treatment of cancer in tissues of epithelial origin. The
importance of vitamin A nutrition in wound healing, resistance to
infection, copinR with strers, and vision makes this an area of
research obviously Important to the militarv forces. The development
and evaluation of a rapid sensitive assay for vitamin A are necessary
for both practical applied studies as well as for experimental studies
of the ,echanisn(s) of action of vitamin A.

RESULTS AN" DTSCUSSTON OF RESULTS

The moht w'delv accepted method for measuring vitamin A is a colorimetric
procedure in which the sample is reacted with trifluoracetic acid (TFA)
to produce a blue color, the intensity of which is proportional to the
amount of vitamin A in the sample. Such an assay has been used in this
laboratory since the assay was developed, but the procedure established
required relatively large samples, e.g., 2 ml of plasma. The assay has
now been modified to a semi-micro level, permitting detection of retinol
in the range of 5 to 100 ug of retinol per deciliter of plasma with a
0.5 ml sample. The method is reproducible. Quality control procedures
have been established to Insure compliance with the 1978 Good Laboratory
Practice regulations. While the method is acceptable, there are dis-
advantages which have been discussed in some detail in a previous
report. Many of the objections to the TPA methodology were avoided in
a newer method Involving the direct fluorometric analysis of retinol
.n dilute samples of human plasma. Samples as smll as 25 ul are
required as opposed to 500 ul for the TFA methodology, and the assays
could be performed in a fraction of the time. During the course of
these studies. evidence was obtained which soggested that another
substance was present in human plasma which was distinct from the
retinol-bindinR protein-retinol (RBP-R) complex but which had fluores-
cence properties quite similar to those of RBP-R. When human plasm
was fractionated by ton-exchange chromatography on DEA-Sephadex, four

3



fractions could be obtained. Fractions I, 11, and III contained no
vitamin A. which was found exclusively in Fraction IV. Nevertheless,
both fractions III and IV had almost identical fluorescence specta
with excitation peaks at both 292 nm and 335-340 nm. Such results
would be expected for Fraction IV which contains RRP-R, but not for
Fraction III which does not contait RIP-R. Subsequently, it was
deterninet that Fraction III contains a copper-containing protein,
ceruloplacnitn, which has an absorbance maxtmum at 325 nm (as well as
other ultraviolet and visible maxima) which could account for the
onerved fluorescence spectral. Obviously, it would be possible for
two samples of plasma, having identical RBP-R levels, to give different
fluorescence readinp.q if the sample contained different amounts of
ceruloplasmin. It has not yet been determined, quantitatively, what
the contribution of ceruloplasnin is to the total fluorescence of
plasma in the microfluorotetrtc method.

CONCLUSItON

A direct nicrnfluorometric assay for retinol in plasma and serum samples
may require correction for cerulolismin levels.

RECOMOt)ATTO11S

1. Work shuld be continued with microfluorometric retinol assay to
evaluate the contribution to the total measured fluorescence due to
ceruloplasmin and retinol-binding protein-retinol.

2. Methods shnuld be sought which would minimize, eliminate, or permit
quantification of the fluorescence of ceruloplasmin in samples which
contain both ceruloplasnin and retinol-binding protein-retinol.

3. Tisstte/organ cuilture studies should be initiated in support of
work to be done on the effect. of retinol-binding protein-retinol on
wound healing.

PUB.ICATIONS

1. PLOPPER, C.G., D.L. WALLACE. T.J. RUCCT, and H.F. SAU8'RLICH.
Autoradiographic localization of vitamin A in the kidney if
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2. BASIIOR, M.M. Dispersion and disruption of tissue. In. Methods
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3. BRINK, E.W., W.D.A. PERRA, S.P. 8ROSK. R.A. CASH, J.L. SMI T,
Hi.E. SAUBERLICH. and ".M. UASHOR. Vitamin A statmn of children in
Sri Lanka. Amer J Clin Nutr, 1978 (In press)

4

7 1



4. SAS')R, M.M. and J.A. V1ULLTSO)I., lc-A"tlcn of at ribof lavin-binding
apopotein fron cl*ca e ~ t'acr m4 s to a radioassay for
uriniry ribofiavin. led ?Ptr ~Vi672. 191F~ (Abevixt)

Note: L~ie to directed v*%,lsad-gtit, thir~ Woic lintt -I -..' .. iuated.f

* I



- -+-, J' . . .. .. +.W+v

ABSTRACT

PRtiJLCT NO. 3AIbIIOIA91C In-House Laboratory Independent
iesearch

wt'kK U11'," NO. 042 Long-Tert Cryopreservation of
Platelets for laiediate Field Use

The following invt.i;ations are being conducted under this work

unit:

S UDY NO). I Cryopreservation strategies

STUY :4O. 2 It vitro viability/function testing

STLJ? ItO. 3 Nonhwnan i; vitro and function testing
S'I Y aJ. 4 .laxnlu:ation of platelet harvest

STUDY NOS. 1. ., 3, and 4 11asive transfusion of stored blood
or blood substltites following severe combat injuries leads to
dilutional throtibucytopenia and increased bleeding secondary to
the lack of platelets. Platelet transfusions can correct this
defect, but conventional liquid storage of platelets in impractical
for field use since platelets arc only viable when stored for
lens than 72 hourti. Studie; under this wort unit explore methods
for fretzing plittelet concentrates so that they may be preserved
intiefinitely and infused without tite-conu"Ing washing procedures.
Metabolic Integrity of platelets is being evaluated with a serotonin
uptake tert. The procedure for this has been standardized anti the
data subjected to extensive uathenatical analysis. Kinetic uodels
;&av, been te;ted atid are providing valuable insights into overall
platelet metabolic Integrity. 1'ronising cryoprotective agents
have been evaluated usinh serotonin uptake and raorphology tests. Six
cowbiinations have shown good results after freezing at a rate
of 2 degrees per ninute.

7
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WORK UNIT NO. 042 Long-Term Cryopreservation of
Platelets for Inediate Field Use

STUDY NO. 1 Cryopreservation strategies

PRoBW

Following massive transfusions of blood products or blood substitutes
for severe combat injuries, thrombocytopenia is the ost common
cause of generalized bleeding. While this bleding may be prevented
by platelet transfusions, conventional liquid storage of platelet
concentrates is limited to 72 hr at roa temperature or 4 C. For
tield use outside of CONUS, these time limits are too restrictia
to provide effective support for combat fortes. The objective
of this work unit is to develop strategies for preserving platelets
indefinitely in the frozen state so that they may be infused imediately
aftew thawing. Current methods of platelet cryopreservation
employ cryoprotective agents that arc to3ic in the concentrations
used and hence require extensive post-thaw manipulstion and washing.
This study seeks to exploit the synergistic effects of different
admixed cryoprotective agents so that nontoxic concentrations
will cryoprotect platelets while eliminattng post-thaw washing.
All of the studies of this work uni.t relate to this abjecti*.

RESW~S AND DISCUSSION OF U-SULTS

We have continued to evaluate different cryoprotective agants,
These agents have undergone ira vitro testing for effect of injury
by the cryoprotectie, agent in the non-frosm state as woll an
for the effect of the agent vith the freeniwg. The verLoum
cobtnations that have been shown to be promising under the in
vitro tests performed last year were revaluaetei with the m4ifiea
serotonin uptare test (see Study No. 2). Of the 23 combinatirs'
in which the cryopratectants did not .ppear harmful, 6 ecabi"Ats
successfully Withstood freezing-Omanvg, the following
combimations tolerated a 2 degreelmin fre.s:ng down to -80 C:
21 dimtthyl selfoxide (0K)/21!' glycodel/22 extroe.; I WSO/
5% hydroxytthyl starch (OS;)/15 polyvy!yolo !M )

1% DWOII? glycerol/2.5% ilF.; 1Z DM61% glyceroX/5l US It
DmSO/10oRE fiond 52RE I M.

There are several combinstios of cryoprotecttve agentis iich show
prelmie. ims and VM3 -cota lng preoermtivee ; eqrr to mtft u t
platelet twtabolc Inteogtity bcat. Since the" eagmte 1w",
different cn2ligat1v* **%iom, a synergLm batum a rmstrating
agent and a nonpen.~ratiot agent eqpers pofieible

~II
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The froeting condition and ctyopresetevatives, indicated in this study$
should be studied further to achieve optimal cryopreservation.
Taperlimntal plas designed to find combinations of

ryopreservation conditions and concentrations of cryopreservative
agents which rsult in optialzation of In vitro platelet tests

should be Inplnuetaed to tefis the systes further. Optimal
cropreservatives should be tested in an animal odel and
evetually In man.

SiU MD. 2 In vitro viability/function testing

The objective of this study is to develop an in vitro system for
assesing the metabolic integrity of cryopreserved platelets.

lISUIS AND ISUINLR Of KWSr

The major thrust of this year's research has been directed toward
establishing a relable, in vitro assay for platelet metabolic
integrity. We have wotred extensively with serotonin uptake
kinetics wines srotonin uptake is a process which Involves a
maultitude of mtabolic functions (umebrsae, cytosol, intracellular
binding and mtabolime), the sm total of which manifests In
platalet survival and function. In a Series of ev4perimmts,
v have established the optimal conditions for kinetic study
of serotoint transport and binding by platelets: starting cocesttration
of serotomin (250 ng per Id platelets), p1 6.0 to 6.3,
temperature 37 C, platelet count approximately 300,000/jil.
Additionally, after experlments demoustrated a pR dependent
maxsml uptake rate, we evaluated different systeas for maintanng
the pN constant during the entire experlmat. A "cloeed" system
wes hMMM. NY maintaining the platelets In q Capped Syringe,
p1 cbmges due to carbon dioxide loss were nbalmsed. Tha
data from thes uptake eaperimente have boe Ritted by Several
mathmatical models in an effort to characterise the kinetics.

Serotonin uptake is a vsal able method for understanding platelet
p1,ysboloy ad s ut of its klastICs my yield iafomatio relvet
to platelet viability. It to reprodwcbi sad menble to
kinetic dmal"s. The conditions of the assay are ao

-, .1



characterized and, pending development of a final tothetiatical
model, should alloy for comparison with in vivo function as
well as Insight into platelet physiology.

K M~~U;ATIOlNSRECMD & ~

Efforts should be made to test var.&us cit* ical nodels and
select the appropriate one. The t---Lonin uptake cost should
then be correlated with an in vxvu Lnirmal model to provide a
ample procedure to evaluate and &zdeen various cryopreservation
systems.

PUBLICATIO;S

None

STUDi N10. 3 Nonhutin in vivo viability and
function testinC

PrnaLE:

Conventional tests of platelet metabolic Integrity and function
correlate only roughly with clinical effectiveness. Animal models
must be developed to verify the usefulness of cryopreserved platelets
prior to any trials in man. The anjiial model proposed esploys a
rabbit first rendered throtnbocytopenic and then exposed to a small
wound in the Jugular vein. Correction of the prolonged bleeding
tire and mcasurerewnt of nornal life span of transfuse! Itan
platelets are the desired cod poin -.

^ISM.TS AM IscussI : OF Z.sLTS

No further work has been done on the animal model during this year.

COUCLUS IOis

"Vone

This study has been temporarily curtailed pending results from
Studies No. I and 2. In vitro tests as well as basic cryobiological
properties of the test system are being evaluated. Followin;
this, an animal model should be used to correlate in vitro tests
and in vivo function of frozen-thaved platclets. The rabbit
model can be used for this purpose but does lave a potentSal dr"a4bck
in that reticuloendothelial blocLago has been difficult to accomplish.
A safe and effective system for blocking the reticuloendotlelial
system should be developed or uodification of the model stwuld be
explored to exclude the reticuloendothelial system (ex vivo model).

10
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"one

STrDY NO. 4 Haximization of platelet harvest

Large platelets are heavier and more active metabolically and
functionally than small platelets. The preparation of platelet
concentrates involves differential centrifugation which may remove
the large heavy platelets. To insure optimal pl,telet concontratm,
specific preparatory methods mst avoid the lose of large platelets
and maintain platelet also distribution (PSD).

R&SULTS AND DISCUSSION OF RISULTS

Various procedures for separating platelets from whole blood
have been attempted to obtain the largest yields of platelets
with minimal damage. We tried using 10 cc polypropylene tubes
with 1 cc of balanced citrate and 9 cc of whole blood, at various
centrifugation speeds, centrifugation times, and the addition
of buffered saline-glucoee diluest. These variables mere manipulated
by using a simplex technique to deterpe o1 timal yields. 3y
this technique 85 to IOZ yields covid be obtained n two centrifuge
spine with the addition of 3 cc of diluent.

COWSUSIOg5

These platelet yields represent a two-fold improvement over
current procedures with a little additional maipulation. Hare
sophisticated techniques are now available to obtain 85 to 100
yields but require complex manipulation and are Impractical for blood
banks. Out results are encouragig i light of our efferts to reach
a goal in which virtually all platelets cam be harvested with simple
practical procedures. Nigh yield platelet barvest will provide a
greater proportion of dense, and probably yoewgar, platelets that
will improve their probability of surviving freezing injury.

3Z~IU~ATINS

Nigh yield procedures should be evaluated further. Blood
coll ted n 450 cc bags should be evaluated by simpl x
opti~isation to improve yields by practical procedures that
will afford a large scale applicability.

None
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ABSTRACT

PROJECT NO. 3Al611IA91C In-Uoue Laboratory Indepeudent
Research

WURK UNIT NO. 043 The Effects of Gastrointestinal
iormones on Gastrointestinal
Function

The following investigation has been conducted under this work unit:

STUDY NO. 1 Iu vivo study of the role of gastrin in the control
of small intestinal mucosal enzymes on the do$

Gastrin, a polypeptide hormone, synthesized in the gastric antrum, has
trophic effects on the small intestine in rats. Gastrin deficiency due
to absence of enteral food or antral tissue leads to gastrointestinal
atrophy. If the trophic effect of gastrin is required for normal
intestinal protein synthesis, then gastrin deficiency (resulting from
gastric -- intestinal resection) vill lead to abnormal protein and
enzyme dynthesis and subsequent abnormal gastrointestinal function.
The acutely injured soldier with abdominal injuries requiring gastrie
or intestinal resection say be gastrin deficient and consequently
postoperative gastrointestinal function may be favorably influenced by
gastrin therapy. Studies of the effects of gastrin on intestinal
glycolytic enzymes in antrectomized (gastrin deficient) dogs are
underway. The technical problems of partial antrctomy and serial
small-intestinal biopsies have been resolved. The specific, basic
studies :/ . performed, and al the necessary tissue obtained,
however, not all the analytical procedures have been completed. Those
which have been completed demonstrate that pentagastrin causes a 100%.
Increase in protein synthesis.
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WORK UNIT NO. 03 The Effects of Gastrointestinal
Hormones on Gastrointestinal Function

STUDY NO. I In vivo study of the role of gastrin
in the control of small intestinial
mucosal enzymes on the dog

PROBLD

An Important aspect of acute gastrointestinal disease involves combat-
related abdominal injury and its sequelae. Abdominal injuries occur
frequently in any military operation and develop serious complicatious.
In World War 1I, in one field hospital, wounds of the stomach comprised
416 of 3,154 cases (132) of abdominal iijuries. The fatality rate was
4OZ. Approximately 302 of the abdominal injuries consisted of wounds
of the mall intestine. Approximately 20% of the total number of
injuries required partial resection of the gastrointestinal tract.
Many patients with abdominal injuries will have altered gastrointestincl
function secondery to resection of portions of the intestinal tract.
With improved techniques of first aid, evacuation, blood replacement,
surgery, and prophylaxis and treatment of infection, ve can expect en
Increased number of combat-wounded soldiers to reach the postoperative
period. At this point only general supportive measures are available
and no specific therapy is known which can hasten healing and restore
function of the gastrointestinal tract. Food Intake, Intestinal hormones
and intestinal adaptation all make considerable contributions to the
recovery process after intestinal resection. Several observations
suggest that the antral hormone, gastrin, has trophic efjgcts on the
gastrointestinal tract. In rtts. gastrin has increased C-leucine
jecororation Into protein, ' C-orotic acid incorporation Into IM, and

C-thymidine ncurporation Into DNA. Gastrin trophic effects have been
demonstrated in in vitro tissue cultures of rat gastric and duodenal
nucosa. Pentagastrin (PG) stimulated epithelial call growth, decreased
cell doubling time, and decreased cell contact inhibition.

Two different laboratories have demonstrated the importance of food
Intake In regulating small intestinal enzymes. In rat, intravenous
hyperallmentation decreased Intestinal malts" and sucrase activities.
Tissue gastrin fell concomitantly. The disaccharidases were restored
to control levels by PG which suggests that gastrin may control
intestinal diaccharidases. Both tissue gastrin and Intestinal
disccharidases returned to normal after oral feeding. Previous
studies in this laboratory have demonstrated Increased activity of
jejunal glycolytic enzymes in response to carbohydrate meals. Specific
sugars caused adaptive changes In the ensyme most concerned with the
metabolism of the specific substrate. In addition there wa a
generalied Increase In enzyme activity attributed to calories alone.
Since food Intake influences gastrin and Intestinal enzymes, and

14
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since gastrin has documented trophic effects in the gut it is
conceivable that gastrin has a generalized effect on protein synthesis
in the gut. If the trophic effect of gastrin is required for normal
intestinal prottin synthesis, then gastrin deficiency states occurring
as a consequence of g8stric or intestinal resection cculd result in
abnormal protein synthesis and subsequent maladaptation of intestinal
enzymes, There in ample in vivo and in vitro support for a gastrin
trophic effect. There is also evidence to suggest that food intake
is Important in determining the level of intestinal enzymes and the
amount of tissue gastrin. The acutely injured soldier who has lost
variable amounts of stomach and small intestine has reduced intestinal
function by virtue of the surgical resection. The enzyme activities
in the remaining gut are responsive to food intake and gastrin, both
of which have been reduced by the surgical procedure. It is reasonable
to believe that replacement of gastrin will restore intestinal enzymes
to normal and hasten restoration of gastrointestinal function.

RESULTS AND DISCUSSION OF RESULTS

We have studied the role of gastrin in the control of selected
intestinal enzyme activities in 4 dogs made gastrin deficient by
antrectomy. The various surgical problems related to antrectomy, long-
term maintenance of the animals, and repeated small intestinal biopsies
have been resolved satisfactorily. In tims. 4 animals the basic
studies have been finished, and a large amount of biopsy tissue was
obtained for analysis. Much of this analytical work is pending.
Analyses which have been completed demonstrate that pentagastrin causes
1.001 increase in protein synthesis as measured by 1 4 C leucine
incorporation.

COCLUSIONS

The various surgical and technical problems related to long-tern
asintenance of antrectonized dogs and repeuted small bowel biopsies
have been resolved. Initial results indicate that antrctmy results
in diminished activity oi 1elected intestinal enmres. Protein
synthesis as measured by 1 C leucine incorporation is stimulated 100%
by the nfusion of PontagestrIn. Additional conclusions cannot be
draw until the reminder of the tissue has been analyzed.

3ZCAMMUDATIONS

The amalytical procedures should be computed on the tissue samples
which have been obtained and are being stored. This project is being
terminated due to realiSnmit of the institute.

UiLMICATIONS

None
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ABSTRACT

PROJECT NO. 3AI611OIA91C In-House Laboratory Independent
Research

WORK UNIT NO. 044 Influence of Stress and Environment
on the Nutrition and Metabolism of
,tlitary Personnel

The following investigation has been conducted under this work unit
during the past year:

STUDY NO. 3 Nutritional state and metabolic effects of growth

hormone

STUDY No. 4 Glucagon and enzyme activity in the adrenal gland

STUDY NO. 3 In vivo and in vitro effects of growth hormone on leucine
and glucose metabolism were studied in fed, fasted, or refed rats. In
vivo, growth hormone enhanced leucine oxidation in fed and refed rats
and had no effect in fasted rats. The hormone also stimulated leucine
incorporation into tissue proteins in fed or refed anivals. In vivo
synthesis of hepatic and adipose tissr- fatty acids was depressed by
the hormone. Growth hormone reduced the activity of several hepatic
s n;.ymes involved in protein degradation.

In vitro, CO2 production from glucose was stirtulated by growth hormone
in liver from fed rats. In contrast, the hormone depressed LO2 pro-
duction in adipose tissue from refed rats. In vitro hepatic and adipose
tissue fatty acids synthesis was reduced in r fed rats. No effect was
observed in fed or fasted rats. In general, the effects of the hormone
were more pronounced in refed titan in fed rats.

2STUDY MO. 4 ntravenous administration of glucagon reduces the activity
of the enzyme complex controlling the conversion of cholesterol to pro-
gestorone in the adrenal gland. In contrast, the harmone stimulates the
ent: M system regulating the formation of corticosterones. These
findings are in accord with an increase in the synthesis of several
adrenal hormones induced by glucagon administration.
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WORK UNIT NO. 044 Influence of Stress and Environment
on the Nutrition and Metabolism of
Military Personnel

STUDY NO. 3 Nutrition state and metabolic effects

of grovth hormone

PKO)BLENI

Available evidence indicates that the secretion of growth hormone (GH)
is markedly affected by nutritional, metabolic, or physical stress. In
this respect, a decrease in food intake reduces plasna levels of GiI.
Changes in diet composition also affect Gl! secretion. A high-carbo-
hydrate diet suppresses Gil secretion and this effect may be altered by
changing the protein content of the diet. GIl secretion is stimulated
by soe amino acids, notably by lysine and arginine. Thus, it appears
that the protein effect may be related to the effect of specific amino
acids. Physical exercise also increases plasin levels of Gil. le:ated
plasma levels of Gil have been observed in diabetic patients. Several
observations suggest that GCI plays a role in glucar~on secretion.

Beyond these observations, little is knom about the itpact of stress on
metabolic effects of (f in specific target tissues. Metabolic effects
of several other hornones regulating body metabolism are considerably
affected by the prior dietary state. Consequently, a Pronounced effect
of the nutritional state on metabolic responses to Gil can be anticipated.

CH has been implicated in the regulation of body fat metabolism, blood
glucose honeostasis, and in conserving body proteins during periods of
food deprivation. The role of Gil in mitigating harmful effects of
stress as nay be encountered in military coibat Is thus aPparent.

RESULTS ADDISCUSSION OF RESULTS.

Hale rats weighing about 250 g were fed a complete casein-sucrose diet
for 7 days. After this period of dietary adjustment, the rats were
divided randomly into 3 treatment groups. The first group continued on
the ad libitum feeding schedule, while the second and the third group of
animals were fasted for 3 days. The third group of rats was subsequently
refed for 3 days. Thereafter, 6 rats from each treatment group were
injected subcutane tusly with a saline solution of Gl (0.4 mg/100 & body
weight). Four hours later the rats were sacrificed and glucose-U- 1 C

incorporation into hepatic, kidney, and adipose tissue metabolites was~detemnined.

in another experiment, fed, fasted, or refed rate were injected twice

daily for 3 days with GH. On the fourth day the rats were Intraperi-
toneally given an injection of L-leucine-U-1 C dissolved in saline

18
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(6 uCi/lO0 g body weight). Expired 14CO2 was absorbed in a solution
of NaOI and radioactivity was determined periodically during the

3-hour collection period. At the end of the collection period, the
rats were sacrificed and leucine incorporation into tissue components
and the activity of several hepatic enzymes were determined.

The data indicate that CH stimulated hepatic glucose oxidation only
in fed rats, with no effect in fasted or refed animals. In contrast,
Gil reduced glucose oxidation in adipose tissue from refed rats, with
no effect in fed or fasted rats. Furthermore. Gil decreased hepatic
and adipose tissue synthesis of cholesterol in fed and refed rats. No
effect was observed in fasting animals. Glycerol synthesis was stimu-
lated by Gil only in adipose tissue from fed rats. Ci! mrkedly reduced
fatty acids synthesis in adipose tissue from fed and refed rats.
Fatty acids synthesis in fed animals was not affected by the hormone.

Gi enhanced in vivo leucine oxidation in fed and refed rats. and
stimulated leucine incorporation into hepatic, heart, kidney, and
muscle proteins. The pool size of free leucine in these tissues was
xlightly in.creased. In contrant, the hormone markedly reduced leucine
conversion into fatty acids in refed rats. In addition, the hormone
decreased the activity of leucine transaminase, hepatic arginase, and
arginine synthetase in fed and refed rats. G!! did not affect enzyme
activity in fasted rats. It general. metabolic effects of Gil were
more pronounced in refed rats than in fed animals.

CONCLUSI()NS

The present study demonstrates pronounced effects of altered nutri:ional
states on metabolic actions of Gil. The hormone plays an important part
in the continuous regulation of protein and energy metabolism by
stimulating protein synthesis, lipolysis. and glucose conservaticn both
in fed and refed animals. Thus. it may be possible to attribute to GH
in protein synthesis a role analogous to that which it performs fn
energy metabolism, namely, protection of the organism against thte adverse
effects of a short-term fast.

RECOHEDATIONS

Further investigations of the basic interrelationships between GH and
energy-protein metabolism, in particular in fasting states, are needed.
These should include studies concerned with interactions between G and~Insul in. :

STUDYf NO. 4 Glucagon and enzyme activity In the adrenal gland

PROBLEM

The role of adrenals in adaptive phenomena and the role of

glucocorticoids in protective reactions to stress have been recognized.
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The factors which regulate the synthesis of the adrenal hormones should,
therefore, be clearly defined. Our previo' s studies demontrated that
glucagon stimulated in vivo conversion of progesterone into deoxycorti-
coeterone, corticostorone, 17-OH-progeterone, and dehydroepiandro.-
terone. Since the rate of synthesis of these hormones is dependent on
the activity of a number of complex enzyme systems, it can be postu-
lated that glucA~on affects the activity of specific enzymes in such
systems. Accordingl7, in the following experiments the effect of

glutaon on the activity of several enzymes involved in steroidogenesis
was studied.

)MIEULTS AND I)ISC.SION OF RESULTS

Male rate veighing about 300 & were fed a complete casein-sucrose diet
for 7 days. After this period of dietary adjustment, the rats were
administered via the tail vein a solution of glucagon (100 ug/00 X
body weight). Control rats were injected with the corresponding volume
of the diluent. Twentv minutes later the rate vre sacrificed, the
adrenal glands were quickly removed and chilled. The mttochonirial and
microeoal fractions were prepared by differential centrifugation.
Appropriate fractions were incubated with specific radioactive precur-
sors, the products were extracted and separated by thin layer
chromatography. Radioactive components were subsequently located by
radioautography and identified by co-chromatolraphy with authentic
reference compounds and by color or fluorescence reactions.

The ressl,.s indicate that glucagon reduced the activity of A 5-0-hydroxy-
steroid dehydrogename and Ah-3-ketoeteriod isomerame, the enzyme complex
regulating the final step in the conversion of cholesterol to proges-
terone. In contrast, glucagon enhanced the activity of C-l8-hydroxylsse
activity and had no effect on the activity of C-11-hydroxylase, the
enzyme system involved in the synthesis of corticosterone and 0-corti-
costerone.

CONCLSI 0 S

Intravenous administration of glucagon decreases the activity of the
enzyme system regulating the formation of progesterone, The hortme
enhances the reaction sequence leading to the formation of corticos-
terone. The results suggest that this uechanism channels pregnenolene
to the endoplasmic reticulum for more efficient utilization during
adrenocortical hyperactivity. The results further indicate that
glutagon may have several effects in the adrenal gland all of which
may serve to provide a fine control over corticoeteroidogenesis under
widely varying conditions of stioulation.

RECOMI)ATUMS

Further studies concerned with tatercrtons of glucagon and physical
stress and their effect of cortlostproidosnesis are recoemnded.
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23. (U) The objective Is to develop a model host system of An~'Ican cutaneous leish-
maniasis for better understanding of the pAthogiee~s, and transmission of
the disease. Knowledge gained from the&*e stuies is a1ssentili ao .he Aupport of Invosti.
gations leading to the development of improved meastures for the trotecrtion and treatment
of military personnel serving In endemic areas.

24. (U) An animal model of huitan Lernc Infect'.on is 'being developed
In which resolution of lesions, resistance V.' chiallenge infection, and delayed-type
hypersensitivity occur. Emphasis Is being placed on use of inbroi mice and evaluation
of tho immunogenic potential of different -. CI~~ sriii train&. Chemical and biologi
agents will be used to effect and modify these retponses. Infections art being produced
and monitored by standardized quantitative methods ertablished in this laboratory.
25. (U) 77 10 - 78 09. Primary L. brhilZ'nei lesions of inbred CAA mice ceased St
g by 15 weeks following infection but did not ragrasx or resolve during an additional

9 weeks of observation. However. acquired resistantt In the## mice was demnstrated by]
the lack of development of lesions from challeng.. inoculatilon at J6 weeks after prit~ry
inoculation. Routine rilpassage of two additioril Z. !,s~eeestrains ws
achievt-d In haters. Lesions, produced by onet of these two strains, teased growing at
least 3 weeks before the lesions produced by our standard L. hr-=iZi~ee strain or the
other strain. An improved cryopreservation procedure was develcped which permits effic-
ient and consistent recovery of Leia)himia eaastigoties or pronastigotes from liqul
nitrogen.
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ABSTRACT

PROJECT NO. 3A161101A91C In-House Laboratory Independent
Research

WORK UNIT NO. 045 Development of a Model Host
System of American Cutaneous

Leishmariasis

Acquired resistance to L. bzmz'.i nsio infections was demonstrated
in inbred CRA mice with primary lesions when challenge infections
failed to produce secondary lesions; uninfected control mice developed
lesions. Routine serial passage of two additional L. brazilieneis
Sstrains has been achieved in hamsters. Sustained slow growth of
lesions of one newly passage strain (HSJD-ll) and of our standard
strain (M-1287) was still evident at 8 weeks following inoculation.
Growth of lesions of the other newly passaged strain (HSJD-l) was
entirely comparable to those of HSFD-11 and M-1287 for the first 5
weeks. However, the lack of significant growth of HSFD-1 lesions
after 5 weeks indicates a more effective host response and potentially
greater immunogenicity of this strain. An improved cryopreservation
procedure has been developed for txioe,,ywnia which permits consistent
recovery of cultures of this parasite from liquid nitrogen.
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WORK UNIT NO. 045 Development of a Model
Host System of American
Cutaneous Leishmaniasis

PROBLEM

The American cutaneous leishmniases are sand fly-borne parasitic
diseases encountered by U.S. military personnel stationed in

endemic areas. Due to the potential life-threatening nature of L.
raziliensis it Is imperative to develop adequate diagnostic and

preventive measures to Insure the protection of personnel susceptible
to infection. However, achieving these goals is dependent upon eatab-
lishing appropriate animal models to support these investigations.

Specific models are needed to evaluate the capacity of leishmanial
antigens to elicit protective immunity, to elucidate mechanisms of
protective immunity, and to study biologic transmission and its inter-
ruption. In studiej of protective immunity, an ideal animal modelfshould be capable if effecting protection. This requirement will be
fulfilled by the etmonstration of resistance to homologous challenge
infection following induced or spontaneous resolution of the primary
lesion. An economical animal model displaying these characteristics
has not been described.

RESULTS AND DISCUSSION OF RESULTS

Inbred CBA mice are able to control and resolve L. tropica and I.
donovani infections and are resistant to subsequent homologous chal-
lenge infections. Similar behavior of CBA mice infected with L.
braziliensis will allow the development of this mouse strain as a
practical and economical model. Groups of 10 CBA mice were inoculated
in the forepaw with 106 0 an4 102 L. braziliensis amastigotes. All
mice inoculated with 10" and 10 am stigotes developed lesions within
3 weeks; I mouse inoculated with 10' amastigotes developed a lesion
which was detected at 6 weeks. Although lesions induced in mice by
10 amastigotes ceased growing by 15 weeks, no regression or resolution
was noted. Secondary lesions did not result from challenge with 10
amastigotes 16 weeks after primary infection In any souse in which a

primary lesion had developed; 8 of 10 untreated control mice devel-
oped lesions from the challenge inoculum. The failure of lesions to
develop implies the presence of sufficient acquired resistance to
protect against homologous challenge even though resolution of pri-
mary lesions had not occurred. Such results are promising and Indi-
cate the need for additional studies.

It is an established principle of research in infectious diseases that
different strains of the same organism can differ markedly in termes
of Infectivity, pathogenicity, and imsunogenicity. Such differences
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can be exploited in the development of animal morels. We have been
able to effect routine hamster-to-hamster pas'4e of two strains of
L. brasiliensis (HSFD-l, ISJD-11) in ade4".on to our standard strain
(M-1287), with which they are being compared. Onset of lesions of
L. 6braziliensls HSJD-l and HSJD-11 occurred in 4-6 days at a dose of
10 amastigotes, equivalent to our standard strain. Growth of
lesions of L. braziiensis HSJD-1, KSJD-11 and M-1287 was entirely
comparable during the first 5 weeks following infection. Measurable
growth of lesions of L. braziiersis HSJD-l did not occur after this
time; however, lesions of L. braziliensis HSJD-Il and of our standard
M-1287 strain continued to grow for longer than 8 weeks. The compar-
able time of onset and initial growth of lesions suggest a similar
degree of pathogenicity of the 3 L. braziliensis strains. However,
the early cessation of growth of HSJD-l lesions suggests that this L.
braziliensis strain elicits a stronger and more effective host Immune
response. This characteristic would make strain HSJD-l more suitable
for use in studies of immunity than the strain presently used.

A standing operating procedure (SOP) for prepare.; Leishmania amasti-
gotes and promastigotes for cryopreservation in liquid nitrogen has
not been available for use in our laboratory. We modified and devel-
oped one procedure recommended for the cryopreservation of mammalian
cells as an SOP for freezing Leishmania. Features of this modified
procedure include: the use of Leishmania maintained in optimal
physiologic condition prior to freezing, the use of Lebovitz (L-1S)
medium with 202 fetal calf serum, and the addinj, of an equal part of
L-15 medium with 15% dimethylsulfoxide (DMSO) to the culture. This
last step avoids toxic concentrations of DMSO which may occur when
undiluted IDSO is added to a culture. In routine use, this cryopres-
ervation procedure is uncomplicated and has consistently provided
recovery of viable Lishmnia.

CONCLUSIONS

Acquired resistance to L. braziliensis was demonstrated in CIA mice
when challenge inoculation failed to produce lesions. Thus, one of the
criteria of an animal model of immunity to L. braziliensls infection.
resistance to challenge infection, was fulfilled in the CIA ouse.
However, primary lesions had not resolved at the time of challenge,
and resolution of lesions must be accomplished before the CIA souse
can be fully utilized as a model. Growth of lesions of a newly
passaged L. braziliensis strain, HSJD-l, ceased before that of
two other strains. This finding suggests a more pronounced host
response to this L. braziliensis strain and, consequently, its
greater potential to evoke host immune responses, including resolution
of infectlon. This chdracteristic would make this strain more
suitable to studies of Immunity than the strain presently used. Con-
sistent recovery of viable Leiaslania after freezing in liquid nitrogen
has besn achieved by use of a modified cryopreservation procedure,
which appears suitable for adoption as an SOP in our laboratory.

ECOMMENDAT IONS
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The CIA souse should be further investigated and developed as a
potential ani&Al model of L. brazlliensal infection with emphasis
upon achieving resolution of lesions. As indicated by the differential
host response to L. braziliensis ISJD-l lesions, additional strains of
L. braziliensis should be investigated for their potential to evoke
host immune re-ipor;es, including resolution of lesions and resistance
to challenge infection. The cryopreservation procedure should be con-
tinued as the procedure for preservation of Leishmania in liquid nitro-
gen.

PUBLICATIONS

WILSON, H.R., B.S. DIECKMANN and G.E. CHILDS. Leishmania brazillensls
and Leishmania mexicana: experimental cutaneous infections in golden
hamsters. (Cleared for publication)
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to enhance physical performance and increase resistance to stress of prolonged chronic
physical exertion will be tested. Such studies may identify dietary modifications that
casi enhance physical performance of military personnhl1 in coobat assignments and
stressful environments.
24. (U) 3etabolic adaptations occurring in response to exercise training were
investigated using the treadmill trained laboratory rat as an experimental model.
Idetitification of adaptive enzyme changes were used as a starting point in formulating
expeximental diets designed to amplify exercise induced adaptations. The initial
focus was upon energy generation from fat, carbohydrate, and protein metabolism.
Subsequent studies should investigate the interactions of specific vainerals or vitamins.
25. (L) 77 10 - U~ 09 Diets previously proven to be effective in lessenin& the
severity of starvation-induced hypoglycemia were tested for gluconeogenic properties in

s upport of exercise performance. Supplemtental dietary linoleate or triundecanoin fed
to exercising rats did not enhance gluconeogenesis or physical performance. Exercise
training did not increase the capacity rat brain ketone body mtabolizing enzymes to
oxidize ketones, but did alter the response of phtosphofructokinasq to citrate inhibi-I
tion. Exercise training increased the turnover rate of fatty acids in adipose depots
witii tot greatest increase occurring in the nesenteric depot and the smallest increase

* ~in ta~e subcutaneous depot.
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ABSTRACT

PROJECT NO. 3A161101A91C In-House Laboratory Independent
Research

WORK UNIT NO. 046 Biochemical Adaptations and Dietary
Interactions of Exercise Training

four experiments dealing vith critical aspects of energy metabolism
following physical training have been conducted under this study:
Experiment 1 - Efficacy of dietary linoleate and undecanoate as gluco-
neogenic energy sources for exercising rats; Experiment 2 - Effect of
exercise on brain enzymes; Experiment 3 - Effect of anatomical site and
physical training on the turnover rate of adipose tissue; and Experi-
menc 4 - Effect of physical training on muscle protein metabolism. The
results of these investigations indicate that neither supplemental
dietary linoleate nor triundecanoin enhance the formation and deposition
of glucose from non-glucose substances under the conditions of chronic
exercise. These dietary additives appear to be more useful in maintain-
ing carbohydrate reserves under the conditions of sedentary fasting than
exercise. Unlike skeletal muscle, the brain does not appear to adapt
by increasing its capacity to oxidize ketone bodies following excercise
conditioning. This further emphasizes the importance of maintaining an
adequate level of blood glucose during rigorous exercise for brain energy
demands. The exercising rat does not draw upon all adipose depots equally
for fatty acids to be oxidized as energy sources. Results indicate that
the mesenteric fat depot has a significantly greater turnover of fatty
acids than that of the subcutaneous fat depot. These differences should
be considered when selecting an adipose depot to study during exercise

, adaptation studies, The mobilization, deaminatio, and oxidation ofcertain amino acids during exercise are currently under investigation to

determine the contribution of protein to energy generation during
exercise.
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BODY OF REPORT

WOR UNIT NO. 046 Biochemical Adaptations and Dietary

Interactions of Exercise Training

STUDY nf. I Dietary control of energy metabolism

PROBLEM

It is well documented that ub-optimal nutrition can have a deleterious
effect on physical performance. On the other hand, comparatively few
dietary modifications have been demonstrated to enhance physical
performance in well-nourished individuals. The objective of this study
is to obtain information on the potential of dietairy modifications to
enhance physical performance. Diets that elevate muscle and liver
glycogen stores have proven to be the Post reliable methods of prolong-
ing work time to exhaustion. The tirning of delivery of these high
carbohydrate diets is critical, making such diets impractical under
combat conditions where activity burats cannot be predicted. The
research conducted under this study is designed to test the overall
hypothesis that diets designed to enhance the utilization of body fat
depots or increase the conversion of non-carbohydrate precursors to
carbohydrate will be beneficial to physical performance.

RESULTS AND DISCUSSION OF RESULTS

Results published in the scientific literature suggest that certain
unsaturated fatty acids and certain odd-carbon chain length fatty acids
fed to animals maintain their blood glucose at a higher level during
starvation than control diets. The feeding of diets supplemented with
either linoleate or triundecanoin (a synthetic 11-carbon fatty acid tri-
glyceride) was not effective in increasing muscle or liver glycogen,
blood glucose, or other predictors of gluconeogenesis in exercising rats.
We conclude that the metabolic stresses of chronic exercise training
must be of a different nature than that of fasting.

Exercise training failed to increase the activity of 3-oxoacid CoA
transferase in rat brain but did increase enzyme activity in skeletal
muscle. Brain tissue appears to regulate its metabolic activity in
response to substrate and metabolite concentrations in the blood during
exercise but does not necessarily undergo adaptivs enzyme changes
similar to that of skeletal muscle. Phorphofructokinase activity in
homogenates of brain obtained from trained rats was less sensitive to
ATP-citrate inhibition than brain homogenates obtained from untrained
rats. The basis for this altered regulatory mechanism is currently
under investigation,

The turnover rate of adipose tissue fatty acids was reatured in
subcutaneous, perir nal, epididynal, and musmteric adipose depots in
both trained and sea ntary rats. This xperiwmt wa conducted to
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identify the adipose depot most active in providing fatty acids oxidized
during exercise. Chronic exercise increased the turnover of fatty acids
in all depots; however, the increase was greatest in the mesenteric
depot and least in the subcutaneous site. Mesenteric adipose tissue,
by virtue of its rapid turnover rate. appears to be the most appropriate
depot to sample for metabolic studies.

A final experiment was conducted to determine if skeletal muscle amino
acid oxidation undergoes an adaptive increase in response to exercise
training similar to that observed for skeletal muscle fatty acid oxida-
tion, This study involved the measurement of leucine sand glutamate
oxidation, myofibrillar protease and glutaminase activity, and 3-methyl
histidine excretion. The results of this experiment are currently
being analyzed. Preliminary results indicate that training causes an
adaptive increase in leucine oxidation but has no effect on myofibril-
lar protease activity.

CONCLUSIONS

Diets that lessen the severity of hypoglycenia in starvation did not
have a similar Sluconeogenic effect during exhaustive exercise. Diets
containing supplemental levels of linoleate or triundecanoin may have
an application under conditions of reduced food intake, but do not
appear to have ergogenic merit. Exercise did not influence ketone body
oxidation by the same mechanism in the brain as in skeletal muscle.
Enzyme induction did not occur in the brain, although brain metabolism
did appear to be influenced by exercise conditioning, possibly by a
modulation of enzyme activity in response to metabolite concentrationb.
Adipose tissue adapted to exercise training by increasing the turnover
rate of its fatty acids. The increase in turnover rate vas not equal
in all depots. The most active provider of fatty acids to be oxidized
during exercise was the mesenteric depot.

REMOONDATIONS

None at this time due to the uncertain status of nutritional research
at LAIR.

PUBLICATIONS

1. ASKEW, I.W., A.L. HECKER, V.G. COPPES, and F.D. STIFEL. Cyclic AMP
metabolism in adipose tissue of exercise-trained rats. J Lipid
Res 19:729, 1978.

2. ASKW, &..e G.L. DOIH, P.C. WRISER R.L. RUSTON, and U.H. DOUB, JR.
Supplemental dietary carnitine and lipid metabolism in exercisingrats. Nutr Netab, 19788 (in press)

3. ASKEW, E.W. Effect of nutritional factors on lipid metabolism. In:
Handbook of Nutrition and Food, edited by M. Rechcigl, Jr. (in pess)
FLorida: CRC Press, Inc., 1978
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4. ASKEW, W.E. 0 S.S. KULINSKI, J.R. LOWDER, and W.P. VL £E JR.
Comparison of turnover rates of four adipose tissue depots as
influenced by exercise. (Abstract) Fed Proc 37:428e 1978

5. GREEN, N.D.9 and E.W. ASKEW. Brain ketone metabolizing enzymes in
exercise trained rats. (Abstract) Fed Proc 37:447, 1978
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ABSTRACT

PROJECT NO. 3M161102BS02 Basic Mechanisms of Recovery from
Injury

WORK UNIT NO. 055 Design of Support of Military
4Biomedical Research Information

Systems

The following studies have been conducted under this work unit:

STUDY NO. 1 General mathematical and statistical
systems development

STUDY NO. 2 Direct mathemAtical, statistical
* and data processing support

of militury biomedical research

STUDY NO. 3 Design of distributed information
processing faciiities

STUDY NO. 4 Data management systems development

STUDY NO. 5 Biomedical engineering and data
acquisition

STUDY NOS. 1,2,3,4, and 5. As the use of quantLtative techniques
in biomedical research continues to expand, the need for better,
more efficient and more sophisticated d'ta and information handling
techniques has become more vital in the areas of data acquisition,
mathematical modelling, graphics, data base management and statistical
analysis. This work unit involves the design and development of
tools and techniques for the acquisition and management of LAIR research
data. These systems are necessary to (a) process the results of labora-
tory and clinical studies to derive their conclusions and to test

their applicability to specific military situations, (b) maintain
and utilize effectively a repository of past re2earch data for direct
application to military problems and correlation with future approved
military resarch, (c) evaluate data reported in the open literature
to determine its applicability and to apply it to the military environment

by correlation and transformation techniques, (d) support the requirements
of the privacy and freedom of information acts, (e) provide data base
and rapid analysis of information within the mission area of LAIR
in the event of mobilisation.
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W ORK UNIT NO. 055 Mathematical and Computer
Support of Military Biomedical
Research

STUDY NO. 1 General mathematical and
statistical systems develop-
men t

PROBLEM4S

Statistics is a collection of methods which allows one to make
objective inferences about uncertain data. 1,.z term data analysis,
however, is used to describe techniques more recently developed in the
computer environment. The objectives of computer data analysis have
been desiribed as (I) achievement of a more specific Jescription of
what is loosely known or suspected; (2) finding unanticipated aspects
of the data. and suggesting unthought-of-models for the data's summar-
ization and exposure; (3) employing of data to assess the adequacy
of a contemplated model; (4) attempting to provide incentives and
guidance for further anal'sis of the data. and (5) keeping the
investigator fully stimulated while he absorbs the feeling of the
data and considers what to do .text. The objective of this study is
to provide the mathematical and statistical computer software neces-
sary for comprehensive data analysis in support of the medical mili-
tary research conducted at LAIR.

Although most data analysis procedures needed by LAIR investigators
can be performed by using stand-alone prepackaged programs. Such
generalized programs do not readily lend themselves to implementation
on minicomputers such as the ECLIPSE C/300 because of size constraints.
Indeed. running large packaged programs on the ECLIPSE A',uld signifi-
cantly reduce response time to interactive users. Therefore, large
packaged programs are maintained at Lavrence Berkeley Laboratory (LBL).

RSULTS AND DISCUSSION OF RESULTS

LAIR maintains three statistical packages at Lawrence Berkeley Labora-
tory. The Generalized Research Analysis Statistical System (GRASS) i
a package developed by the Department of Information Sciences and
designed to be eas- to use for the researcher relatively unfamiliar --

with computers. GRASS has the capability to produce a vxviety of
descriptive statistics, plots, histograms, and non-parametric tests.
GRASS also has data transformation and data manipulation capabilities.
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In addition to GRASS, GENSTAT, a general statistical program developed
at Rothamsted lPxperimental Station, England, was installed by LAIR this
year on the LBL CDC 7600 uENSTAT has L powerful stttistical syntax
which allows programs for complex statistical analyses to be written
quickly ond deb-agged. GENSTAT is particularly strong in the areas of
generalized linear models and the analysis of designed experiments
giving LAIR capabilities not previously available. CENSTAT also has
many pre-programmed procedures including the ability to store and
retrieve str,.-ctured data sets.

The BMDP Bicmeical Computer Programs developed at the UCLA Health
Sciences CoAputing Facility are also maintained by LAIR at LBL. The
BMDP pac'age is a serien of twenty-nine stand alone programs for
3tatisticdl analysis. The oroaram share a free format English-based
control language. &MDP has abilities in the area of data screening,
analysis of qualitative data, analysis of variance and covariance,
regression, multivariate analysis, and non-parametric statistics.

In addition to the packages maintained by LAIR, LBL supports the
Statistical Package for the Social Sciences (SPSS), an integrated
package for data manipulation and analysis. This year SPSS was up-
dated to c:ontain new capabilities in spectral and survival analysis.
LBL also a:ntains a variety of FORTRAN4 subroutine libraries which may
be used to build special purpose programs.

Limited st:atistical software is also available to researchers on the
in-house ECLIPSE C/300 computer. MINITAB, a statistical computing
system developed at Penn State University, provides data analytic
capabilities to researchers who are analyzing small to medium sized
data set.s. MINITAB is easy to learn, well-documented and runs inter-
actively on the ECLIPSE computer. MINITAB capabilities include plot-
ting, dati manipulation and transformations, inferential and descrip-
tive statistics, and matrix operations.

It is acknowledged that packaged programs w'11 not solve all statistical
computing problems at LAIR. Often special ?rograms must be written to
implement special techniques or data analytic methodologies. The
Department of Information Sciences believes that such programs are most
easily devmloped on the ECLIPSE C/300. To facilitate building such
programs, Lhe International Mathematical and Statistical Library (INSL)
is maintained on the ECLIPSE C/300. IMSL contains approximsately 200
mathematical and statistical FORTRAN subroutines. Several special pur-
pose programs have been %-ritten with the use of IMSL building blocks.

COKCLUS ION

A variety of statistical software are used r perforo data analysis at
LAIR. Program packages allow an investigat:. "act which stat';tical
routines are most appropriate without havi . to m e t0e computational
techniquec. Lawrence Berkeley Laboratory mi.ty so . ne statistical
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package SPSS. A good remote computing site should provide several such
packages, as well as a data base management system which is able to inter-
face directly with stitiatical packages. The burden to maintain general
software should be on the remote computing facility, not on users such es
LAIR.

RECOENDATIONS

It is recommended that the feasibility of obtaining remote batch proces-
sing services at another site which better supports general statistical
software be investigated. Effort to develop specialized statistical
software on the ECLIPSE as applications arise should continue. *IDP,
GENSTAT, MINITAB and .INSL should be updated as new revisions become
available from the respective distributors.

PUBLICATIONS

None

STUDY NO. 2 Direct mathematical, statisti-
cal and data processing support
of military biomedical research

PROBL'I

Unique characteristics of modern military biomedical research require
support to design and conduct experiments and to analyze experimental
results. Technical support provided by this study is required to assure
efficiency in data collection and to identify appropriate statistical
analysis principles and techniques. Likewise, an objective of this
study Is to provide direct support to LAIR investigators and to aid
data acquisition, management and analysis functions integral to
experimental processes.

RESULTS AND DISCUSSION OF RESULTS

Consultation has been available on an as required basis in experimental
design, data analysis and the use of mwthemutical and statistical com-
puter software. Objectives sought in formulating good experimental
designs are (1) a formal definition of the primary goals of the
experiment, (2) employment of a statistical model appropriate to the
experimental material which provides unambiguous results, and (3) a
design which is feasible within the working conditions of the investi-
gator. After the data have been collected from the designed experi-
ment, support is available to reduce sad interpret the data statisti-

cally.
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Computing resources for iftstitute-wide use are available in two data
processing environments, the CDC '600/6600 digital computers which are
accessed remotely at the Lawrence Berkeley Laboratory (LBL) and the
Data General ECLIPSE C/300 central minicomputer maintained at LAIR.
Software and auxilliary storage limitations on the C/300 require the
management and anlysis of larger data files in the LBL batch proceas-
sing environment. The use of time-shared processing at LBL cannot
be evaluated as non-ERDA users of the LBL facility are significantly
limited in time-shared access during prime time. User orientation
to timasharing on the C/300 is widely accepted and is preferred over
batch processing methods.

More recently the acquisition of data by using peripherals controlled
by A desk top programmable calculator has been designed and programmed.
The Availability and use of local processors with a data communications
capability to the instttute central minicomputer are now being tested,
the outlook for implementation of significant experimental data acqui-
sition and control functions by using dedicated processors seems favor-
abI -.

Departmeat of Information Scietces is one of the participating depart-
sents in the nutrition stv'iAs in support of the DoD Food Program.
The coputer programaing, .attsticil, data analysis, and data banking
support provided by this departrent are described under Work Unit 086.

A. Dep;rtment of Comparative Medicine

Ant rl RetsA.u,.ces Divtsf.ot. Peta processing support was requested

to aid the study of owl zonkey behavior. Activity profiles ,were estab-
lished on two groups of anima's: a paired group (adaxlts) and a group
of Juvenile monkeys. Behavior patterna were classified for approxi-

mately 19000 behavior obworvations among both groups. Specifically,
a system was designed and programmed which facilitated the on-line
entry, validation, Zeporting, recoding, cumulative analysis, and
plotting of behaviov observations and azimal demoRraphic data.

B. Department of Dermatology

Cutaneous Infection Division. Dermatology clinic outpatient
records (134289 count) collected over 3 years at Brooke, Fitzsimons,Letteran, and Walter Rood Aray Xedical Contort were categoriced by
diagnosis code. Fo the 54 most frequently occurring diagnoses, out-
patient tecords war* cross-tabulated by hospital, and collectively for
all hospitals by age, race, and sex groupings. A request from LTC
Charles Lewis, HSC, BAXC to crosa-tabulate dermatolegy outpatient
records with a recorded diagnoels of perioral dormatitis was Also
processed.
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Cutaneous Protection Division. The design of an ECLIPSE C/300
based system to manage mosquito repellqmnt effectiveness testing data
was completed. With the recent implementation of the MINITAB Inter-
active general statistical program on the LAIR central minicomputer.
local processing was preferred to allow greater user control over data
entry, maintenance, and analysis functions. The task of unloading the
existing repellent effectiveness testing data base management under
the Remote File Management System (RFMS) to SPSS for statistical
analysis was completed. Processing at LBL no longer exists, rather,
programs are being designed to unload the daca base for transport to
the LAIR ECLIPSE C/300 minicomputer. A program to report a repellent
code-formulation dictionary has been designed and programmed.

C. Department of Nutrition

Bloonargetics Division. SpecializeZ programs were developed at
LBL to generate publication quality microfilm recordings of bar charts
and histograms summarizing nutrient intake data previously reduced from
data collected in the Tuentynine Palms and USS Saratoga ship afloat
nutrition vurveys. Data were recorded by using an SC4060 microfilm
recorder available at the LBL facility.

Food Hygiene Division. On-going maintenance of the dictionary of
standardized food class, food item, and organism designations is being
supported. Reporting by laboratory of all data collected In 1977 was
completed and selective retrievals of food class, food item, organism
and bacteria count data are in progress. A program was developed locally
to aid interactive entry of Petri plate count data in preparation for
transfer of data to LBL and subsequent statistical analysis.

A system to support the collection of animal and food weights for anti-
metabolite studies of irradiation sterilized tests foods was developed.
An HP9815A programmable calculator controlling precision balance and
bar code reader peripherals is being used for weight collection.
Programs to control weight collection, data unloading to the ECLIPSE
C/300 minicomputer and reporting of !aily animal weight change and food
intake have been implemented. Design and programming to develop data
maintenance programs and an animal group definition program are in
progress.

Radioisotope Division. On-going maintenance to programs continued
which calculate beta counter calibration curve coefficients (program
CRV) and disintegration rates (program DPM). Reference to a validated
orthogonal polynomial regression function satisfied from a sandardized
statistical analysis library, IMSL. was integrated into progrm CRV.
Decay correction, used when calculating disintegration rates for more
active isotopes, was integrated into program DrM along with functions
to control the archival of disintegration rate results for future
reference and analysis. A requirement exists to design programs to
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display and integrate peaks in disintegration rate counts and to calcu-
late disintegration rates of spiked isotope solutions. The requirement
for data processing support to reduce and analyze radloimunoassay data
acquired from institute gamma counters is carried over from last year.

CONCLUSIONS AND REC(OENDATIONS

Appropriate use of statistical methods is essential to accomplish the
scientific research mission at LAIR. Continued development of new
techniques and implementation of accepted techniques for data analysis
is essential to effective evaluation of research data. To reduce
system development time and overall software maintenance requirements,
the use of generalized software packages is preferred over reprogramming
of existing functional software.

PUBLICATIONS

FRUIN, J.T., J.F. FOSTER, D.L. STUTZIW4, W.H. LANGLEY, J.L. FOWLER and
K.E. TREFZ: Report of 1976 Microbiological Data Collection Program.
Report No. 55. San Francisco, California: Letterman Army Institute of
Research, July 1978.

SPENCER, T.S., K.L. ZELLER, W.A. AKERS, and W.H. LANGLEY: A Data
Storage and Retrieval System for a Mosquito Repellent Test Program.
(Submitted to LAIR Publications Review Comnittee).

STUDY NO. 3 Design of distributed information
processing facilities

PROBLEMS

Constantly changing informatioa science technology and an increasing
need for greater computing power in biomedical research require distrib-
uted computing systems which cannot be purchased as off-the-shelf items.
The objective of this study is to develop this facility, specifically
the hardware level of interfacing and the computer programs necessary
to integrate many independont components Into a coordinated facility.

RESULTS AND DISCUSSION OF RESULTS

Development of link between in-house computing facility and Lawrece
Berkeley Laboratory (LBL). The link from the in-house ECLIPSE machine
to LBL has been developed and is now being tested and improved. It
should be fully functional in approximately 3 months. The link permits
bidirectional transfer to research data between the two facilities in
order to take full advantage of the complementary capabilities of these
facilities. The data transfer process Is fully protected for data
integrity by an error detection with automatic retransmission capability.
From the LBL facility it is possible to transfer directly into the DoD

Advanced Research Projects Agency Network (ARPAPET).
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Development of the in-house network. The laboratory computer support-

ing the Treadmill Automated System (TAS) has been linked to the central
in-house computer. In the next several years, it is planned that sev-
eral other small laboratory machines will be interconnected by using
the same procedures. These links offer fully protected error detection

with automatic retransmission capability to insure the integrity of
the research data. This system will offer to the laboratory computers
a greatly expanded capability for data storage and retrieval as well
as the ability to execute more powerful computational processes which
may directly interact with the small laboratory machine.

On a smaller scale, we have been evaluating microprocessor systems for
inclusion in the LAIR NETWORK (LAIRNET). Many laboratory automation
tasks co.ild be most effectively handled by dedicating a mall processor
to the task with linkage to the network. This cannot be effectively
done, however, by randomly selecting Individual microprocessors with
different characteristics and installing them on a one-by-one basis.
The individual development, installation, and maintenance costs of
such a conglomeration are prohibitive. It is necessary to use a
single design so that development costs can be distributed over many
copies of the same device and so that linkage of the device into the
network can be standardized. Candidates for this development are
currently being studied.

CONCLUSIONS AND RECCOHHENDATIONS

More effective information processing systems have become essential.
The work described above has resulted in the development of more effec-
tively distributed information processing facilities for LAIR. Continued
development is essential in the area of network protocols between dis-Isimilar machines, data acquisition equipment, and microcomputer systems
in order to make acquisition and processing of laboratory data more
timely, more efficient, and more effective.

PUBLICATIONS

None

STUDY No. 4 Data Management Systems
Development

PROBLE4

The scientific researcher faces special problems in research data base
management. Most generalizd data base systems (such as System 2000)
are not designed specifically with research data in mind. Although
such systems will handle complex data structures adequately, they
usually require high level programming ability and do not provide
smooth interfacing with statistical analysis packages. Although some
statistical packages have data management capabilities, they often
lack adequate variable documnting capability, updating options,
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security protection, and the ability to define complex data structures
conveniently.

RESULTS AND DISCUSSION OF RESULTS

In an effort to provide the LAIR research comunity with a data manage-
ment system specifically designed for research data analysis, the
Lawrence Berkeley Laboratory is installing a data base management system
called Scientific Information Retrieval (SIR) on the ()C 7600 at the
request of the Department of Information Sciences. SIR is designed
specifically for the scientific environment. The system is based upon
the syntax used in the Statistical Package for the Social Sciences
(SPSS) and therefore, the researcher familiar with SPSS is provided
with an easy transition into data management. SIR contains the
following capabilities: hierarchical file structure, data editing and
updating, data security options, data retrieval language, report
generator, and interfaces with BMDP and SPSS statistical packages.

Remote users of the LBL facility have been informed of the implementa-
tion of Systems 2000 and the planned discontinued support of Remote File
Management System (RFMS). At present, two data bases are managed under
the RFMS data base management: data collected in the DoD Food Wholesome-
ness Study and Mosquito Repellent Effectiveness Testing Data. The
limited use of RFMS in the past can be attributed to several limiting
features of the system. Users are constrained by the number of attrib-
utes that can be defined in a data base. A maximum of 128 elements
are definable in RFMS. 'Data managed under RVMS are not easily inter-
faced to statistical analysis systems and that it is recognized that
ideal generalized data management features are programmd in RFMS
which support the definition, loading, retrieval, reporting, update,
and saving of a data base.

Requirements for data management resources on LAIR's central minicompu-
tor are presently being assembled. As the number of applications being
developed on that machine increases, the need for data management
features at several levels above existing programing language I/O
processors is apparent. Desirable features of a inicomputer-based
data management system coincide with the ideal features of similar
type packages discussed above. Emphasis is also placed on features
which support a data archival capability and uniform internal identi-
fication of file contents and structure.

CONCLUSIONS AND RECOIMENDATIONS

SIR provides a powerful, easy to use data base management system designed
for research scientists. The usefulness of the system to LAIR research-
ers should be evaluated in the coming year to determine if the Department
of Information Sciences should support and/or extend the package.
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For continued support of data bases presently managed in RMS, the
more feasible method of conversion to System 2000 and conversion pro-
graming requirements should be identified, designed, and programied.
In conversion an LBL consultant indicated that users must bear the
responsibility of conversion programming. A generalized RVMS to System
2000 conversion program will not be supplied by LBL. Enhanced features
of System 2000 should be tested and reported for general information.
RFMS vs System 2000 cost comparison should be documented. Additionally,
maintenance required to existing unique application programs which
pre- and post-process data managed by RFMS should be identified and
completed.

PUBLICATIONS

None

STUDY NO. 5 Biomedical engineering
and data acquisition

PROBLEM

Rising sophistication of biomedical research activities at LAIR has
increased the requirements for biomedical engineering support. The
objective of this study is to provide such support as needed by investi-
gators at LAIR, to maintain responsive, state-of-the-art techniques
sufficient for future needs, and to collaborate with institute investi-
gators when appropriate.

RESULTS AND DISCUSSION OF RESULTS

A. Statistical Library and Computer Graphics. A general purpose
statistical library has been created for use on th Data General ECLIPSE

C/300. Among the capabilities of the library are calculation of basic
descriptive statistics, correlation coefficients, histograms, principal
component analysis, T-test analysis, and polynomial regression analysis.
Capability has also been provided for plotting data and results of
certain analyses on the CRT terminal screen, on the line printer, and
on the Textronix plotter.

B. Stress-Strain Data Acquisition of Ligament Repair Study. This
project involves measuring the force maintained by ligaments and their
resultant elongation as a function of time as they are mechanically
pulled to rupture. Special purpose, automatic on-line data acquisition
software has been created for this purpose and installed on the Data
General NOVA 3/12. The obtained data are stored on disk in a form
compatible with previously writtev off-line analysis programs.

C. Cardiopulmonary Analysis. This project involves on-line data
acquisition of cardiopulmonary variables from anesthetized dogs, on-line
analysis providing real-time feedback to the Investigator in the form
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of analog graphic displays, and off-line analysis of the stored data
toward the end of describing the cardiopulmonary effects of various
kinds of anesthesia.

The major part of the on-line data acquisition aspect of this project
was initiated in 1976-77 and completed this year. Off-line analysis
programs have been implemented which provide capability for data edit-
ing and extensive analysis of respiratory and cardiovascular fun:tion,
including an integrated analysis of blood gas and expired air content.

D. On-Line Outlier Detection. The problem is to devise a way to
detect the occurrence of outlying (or obviously erroneous) data points
or waveforms as they are being acquired on-line by computer without
any a priori knowledsge of the statistics or other characteristics of the
data. Mathematically. the problem is defined as deriving an algorithm
which selectively rejects sequential data in a manner such that the
mean of the accepted data converges faster than the mean of the total
(accepted plus rejected) data, the variance of the accepted data is
less than that of the total data and, under certain limiting assumptions,
the error due to outliers in the mean calculated from the accepted
data is smaller than the error in the mean of the total data. In
statistical terms, such an algorithm produces, in the limit, a more
robust estimate of the mean of the sequentially arriving data.

Progress has been made toward identifying the necessary trade-offs
involved in approaching such a problem and in developing the necessary
mathematical framework for deriving a solution.

E. Sase Excess Nomogram. A system of programs has been created
and implemented on the Data General ECLIPSE C/300 which (I) accepts
data concerning PCO 2 content, pl! hemoglobin level, and measured base of
excess of blood samples. (2) uses statistical curve fitting routines
to calculate predicted values of pH as a function of base excess and
PCO2 , (3) automatically modifies the fitted curves (and therefore the
prediction of pH) to be consistent with both known and accepted
hypothetical relationships between pH, PCO2 , and base excess, and
(4) uses the resultant functions to produce computer plotted nomograms
of PCO2, pH hemoglobin, and base excess.

CONCLUS IONS

None

RECOMMtENDATI ONS

None

PUBLICATIONS

None
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ABSTRACT

PROJECT O.40 361102B502 Basic Mechanisms of Recovery fron
Injury

WORK UUIT NO. 056 Biochemical !asis of Nutrition*
Disease, and Recovery in Military
Personnel

The following Investigation has been conducted under this work unit:

STUDY NO. 2 Trace elenents in wound healing, collagen
metabolism, and bone uetabolisu

STUDY No. I The effects of high levels of ascorbic acid (vitamin C)
and marginal levels of dietary copper have been studied in cynomolgus
monkeys. Data from this study are still being analyzed. However,
-preliminary observations indicate that high levels of dietary ascorbate
may have adverse effects on copper utilization and metabolism.
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BODY OF REPORT

WORK UNIT NO. 056 Biochemical Basis of Nutrition,
Disease, and Recovery in Military
Personnel

STUDY NO. 2 Trace elements in wound healing,
collagen metabolism, and bone
metabolism

PROBLEM

Many trace elements are involved in bone calcification and collagen or
elastin metabolisn and thus any be important in recovery from injury.
Copper, an essential trace element, is required in elastin and collagen
metabolism. It is also neccsary for normal iron utilization and
energy metabolism. A recent survey of a military population at Alameda
Naval Air Station indicated that Intakes of copper my be marginal and
below National Research Council Recomendations.

There has also been a recent surge of interest in vitamin C and also
an increaso of intakes of vitamin C by the general population because
of claims regarding its efficacy in optimizing health In general.
lo ever, studies in rats and chickens have shown that large amounts of
vitamin C are detrimental to copper absorption and metabolism.

The initial experiment in this study was designed to study the inpact
of high and moderate intakes of vitamin C on marginal copper intakes in
cynomollus monkeys, a species with similar requirements as man.

RESULTS A14D DISCUSSION OF RESULTS

Eight cynomolgus monkeys were maintained on a liquid diet containing
marginal levels of copper for 29 weeks. During the first 4 weeks, no
vitamin C was added to the diet. After 4 weeks, the monkeys were
divided Into 2 groups. One group was fed the recomended level
(1 mg/kg 1W/day) of vitamin C for adult monkeys. The other 4 were
fed 100 times that amount. After 209 weeks, copper was added back to
the diet (50 mg/kg lu/day) at lls times the estimated requirement.
After another 4 weeks, the animals were returned to normal chow diets.
Blood samles were taken at weekly intervals and the following parameters
were determined: hemoglobin, heatocrit, cell counts. sarum ferritin,
serum iron, serum total iron binding capacity, serum copper, cerulo-
plaslmin (a copper containing enzyme responsible for normal iron
mobilization) and serum and whole blood ascorbate levels.

Preliminary observations indicate that added ascorbate, in higher amounts,
adversely affects the serum copper acd ceruloplaamin levels. Some
increases in serum iron were noted. Many of the samples are currently
being analysed and the data will be evaluated upon completion.
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CONCLUSION

Preliminary observations indicate that high levels of ascorbate
(vitamin C) mav adversely affect copper utiltzat.on in monkevs and may
present a problem in military nutrition.

RECOMM4ENDATIONS

1. Interactions between different nutrients present in military diets
should be carefully conside:ed.

2. Studies on the effects of other trace elements on wound healing,
connective tissue metabolism, and bone metabolism are necessary.

3. Studies on the roles of essential trace elements on performance
and muscle dysfunction should be initiated.

PUBLICATIONS

ZIPORIN, Z.Z., P.P. WARING, R.L. .ORRISSEY, M.E. LY'SE. Effect of
Vitamin D and Dietary Content of Calcium and Phosphorus on Protein
Synthesis in Rat Duodenal Mucosa. Report No. 50. San Francisco,
California: Letterman Army Institute of Rese:arch, March 1978.
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ABSTRACT

PA)JKCT NO. 3 O611021S02 Basic Mechanisme of Wecovery from
In~jury

WORK UNIT NO. 057 Nutritional Physiology in Health
and Prevention of Injury in the
Kilitary

The following Investigations have been conducted under this vork unit:

STUDY 0O. 6 Evaluation of protein requirements during heavy
physical activity

STUDY NO.7 Developnent of Instrumentation and methodology for
evaluating physiological status

STUD'I 140. 6 Analyses of samples -nd processing of data collected
from two studies on the adequacy of protein allowances during heavy
physical training (e.,, basic training of military inductees) have
been ongoing. All data have been processed except for the results of
the endurance walk and 40K whole body counting which will be pro-
ceased after completion of necessary computer software. Analyses of
variance or covariance have been completed on all of the processed
data. Post hoc multiple comparison tests are presently being prepared.
Preliminary evaluation of the results Indicates that dietary protein
levels had minin2l effects on work performance and body composition#
both the NRC (O,6g/kg of body weight) and the military (1.498/kg of
body weight) allowances for protein appear to have been adequate
for maintenance of work capacity and body composition. Final conclu-
sions will be drawn after processing endurance and 40K data and with
further statistical analyses including the post hoc multiple comparisons
Ad poosibly multivariate analysis of variance.

STUDI NO. 7 The complete and final version of the Treadmill Autmation
System (TAS) software has been received from the vendor (Lair.:.ce
Berkeley Laboratoriea). The Respiratory Mass Spectrometer (INS) was
delivered by the University of Colorado and 'ha been interfaced with
the Data General Nova 1220 minicomputer. This system is uow opera-
tiomal. Interfaces smong the Modcomp I minicom -.ter and the treadmills,
"OK counter and Data General Eclipse C/300 (located in the Department
of Information Sciences) are all under final test or near completion.
Software for treadmill control and computer-to-computer comnmication
is under final testing. However, much software remains to be written
in order to utilise fully the capabilities of this laboratory systems
Preparatiors are underway to perform graded exercise testing in the
field early In FY 79. Protocols for further studies in which this
equipment is used and for expanding present experiiastal methodology are
being developed.
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BODY OF REPORT

WOR UNIT NO. 057 Nutritional Physiology in Health and
Prevention of Injury

STUDY NO. 6 Evaluation of protein requireients
during physical training and heavy
physical activity

4 PROILEH

Basic training for military inductees, advanced and specialized
training for most combat am personnel, and the refresher training
upon activation of the National Guard or Referve peronnal have a
large portion of time dedicated to physical training and conditioning.
Any factors that would contribute to the efficlecy and effectiveness
of these program would benefit all services and the personnel
undergoing training. The amounts of dietary prote.n required during
physical conditioning have been a long-term controver. (for at least
120 years) and have recently reappeared in the literature. This study
was designed to evaluate the adequacy of the National Academy of
Sciences-National Research Council's Racommnded Allowances (NRC)
versus those of the military (Ar 40-25) during periods of physical
conditioning and heavy physical activity.

RESULTS AND DISCUSSION OF RESULTS

The first two phase& of this study were conducted during January
through April 1976, and tit experimental details were presented in
the Annual Reports FTY 76. Mineral and nitrogen catabolite concentra-
tions were det*rmined in samples of blood, urine, feces, and sweat

collected during the study. These data have been processed and examined
via analysis of variance. Appropriate post hoc multiple comparison
tests are being prepared. Preliminary information from nitrogen
balance data indicated that balance@ could be attained at the NRC allow-
ance of protein (0.6 g/kg of body weight) during physical conditioning
after a 12-day sedentary period of adaptatio4 to low dietary lqvels
of protein, and that the military allc-.ances (100 g/day or 1.. g/ka cE
body weight) were adequate for nitroaen retention (which is Indlativg
of increased muscle mass or body protein stores). ?sitive potasium
balances were consistent with these results. These studies were
conducted with well-defined, highly digestible liquid dicts.
Processing of axercise physiology data is complete through anslysis
of variance for variables obtained fron graded exercise tesus.
pulmonary function analysis, and body composition by authropometry
and water displacement. Post hoc ultiple comparisoo tests art
being prepared for these data. The date from the treadmill atdurnece
tests and 40K shadow shield counting will be pro essed after sajcialised
computer softvare has ben developed. This sof ware is rox ly 75%
completed.
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CONCLUSIONS

Initial indications were that the NIC allowances for protein would
provide for nitrogen balances during physical training after adapting
to these diet and that military allowance& would provide sufficient
proteins for increasing muscle mass. At this point, it appears that
only minimal changes were observed in work capacity, pulmsnary
function, and body composition. Both diets appear to have been adequate
for maintenance of these parameters. Multivariate analysis of variance
is being considered as a means of discriminating the small differences
that my exist between diet groups and from day to day.

RECMt(ENDAT IONS

Data analyses should be completed and the final phase of the study
should be cnnducted, probably with the use of normal military diets.
The design for the final phase of the itudy will depend upon the con-plete evaluation of the first two phases.

STUDY NO. 7 Development of instrumentation and
methodology for evaluating physio-
logical status

PROBLEM

The effects of nutritional and environmental stresses are reflected by
physiological sth.cus, including cardlopulmonery function, body
conpo.ition, and physical work cnacity. Highly sophisticated instru-
mentation and methodolopy are renuired to investigate adequately
the effects of stress on these parametere. In addition. mny military
situations require the soldier to perform strenuous physical activities
while under nutritional and environrental strens. To enrure thnt %;h&
soldier is ahie to perform adequately under such -onditions, heavy phvs-
ical activity must be incorpirated into ex eritmntal pr.tocols. Since
physical activity increases the difficulty of measuring physiological
parameters, more cormlex instrumentation in requAred for studies
involving activity than for studies under static conditions. CmWlex
instrumentation and methodology also allow investigation of the dynamics
of the responses to stress, an important factor in understanding the
response. The development of a laboratory incorporating high-speed
instrumentation, automated data acquisition, complex computerixedanalysis porcedures, and suitable methodology will facilitate extensive
evaluation of the effects of nutritional and environmental stress.

RESULTS AND DISCUSSION Oif REISULTS

All d*evelopment work aimed at automating data acquisition under
control of the Modcomp II minicorputer (MCtI) and providing dAta pro-
cessing of the MCTT and the C/300, via a protocol similar to Digital

Equipment Corporation Network (DECNET), has been crmpleted. An
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information exchange svstem betueen tht Departments of Nutrition and
Information Sciences is being prepared. The Respiratory Mass Spectro-
meter (RKS) has been received and is being interfsted in the MCII
under Tr--admill Automatirn System (TAS) control. The RHS has been used
as a stand-alone device and has demonstrated excellent performance,
Early st$en of integration under TAS have Pt with success,

A study of enerpy ependiture, to be performed during the nutrition
study at Tuentynine Palms, California, early in FY 79, is planned.
Preparations are being made for the MCII to control a treadmill accord-
ing to the subject heart rate and tn acquire data ftom the RI;, process
the date for imadiate faedback during the experiment, store the data
on disc for future evaluation, and trannit the d~ta to the C/.AO0 for
back-up archival,

CONCLUSIONS

The acquisition of a minicomputer for on-line data processing and
experment l cnntrol during testing, and the delivery of the RM have
greatly enhanced our capabilities for determining nutrient requirements
for personnel onderkoing stresses commonly encountered in alitary
situations, and for the evaluation of physical end physiological
status of military personnel. Most of the instrument interfacing and
ceputer prokraing reqtti.ed fo. this systen has been completed.
Protocols are being developed to % tilize this eqaipmenc and techniques
for evaluation of nutrient requirements of personnel performing nlitary
duties in various environments.

1. The present ,vtem should be completed and tested under field

conditions during Inveatigations of nutritional statu of military
personnel.

2. Instrumentation and Poftvare .ill need to be modifie, to remain
current with state of the art apd, as required, to actowplish expedi-
niously obiective of studies.

3. Protocols should be developed to respond to militarr needs for
evaluatlou of current problems and to imintein optl.%. comhat
readiness for the future utilisation of these techniques.

PUBLICATION4S

I. CONSOIAZIO, C.F., T.A. TILLTMON, and T.A. DAWS. Riboflavin
fepletlon and Work Capacity in Humans. "arort %1. .7. San
Fvancisco, Cilifornla: lottermus Army Institute of Wesearch,
January 1978
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2. JOHSON, H.L., C.?. CONSOLAZIO, R.F. BURK, ?.A. DA%$, and R.G.
LUFlN. The Effects of Abrupt Altitude Exposure (4300M) upon
the Metabolim of Clucoset-1'C-UL in Man. Report No. 44. San
Francisco, California: Letterman Army Institute of Research,
January 1976

3. KRZYWICKI, HI.J., C.?. CONSOLA7.IO, H.L. JOHNSON, and N.Y. WITT.
Metabolic Aspects of Caloric Restrictionv (500 Calories) Body
Conposition Chang e. Institute Report, San Francisco, California:
Letterman Ary Innitute of Research, (submitted for reviev and
clearance)

4. IRZYWtCKI, n.J., C.R. CDNSOL&%1O, H.L. JOHNSON, and N.P. W17T.
Effects of Exercise and Dietary Protein Levels on Body Composition
in Humans. Institute Report. San Francisco, California:
Lettermn Army Institute of Research, (submitted for reviev and
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ABSTRACT

PROJECT NO. 3M161102BS02 Basic Mechanisms of Recovery

from Injury

WORK UNIT NO. 061 Disease Mechanisms at the Cell-
ular Level

The following investigations have been conducted under this work unit:

STUDY NO. I Feasibility of the use of immunoenzyme-labeled anti-
body in the histopathological diagnosis of viral

laboratory animal diseases

Unnumbered (Reported under work units of other LAIR investiga-

Studies tors)

Work performed under this work unit included animal necropsy, histopa-

thology, clinical pathology (hematology, clincal chemistry, microbiol-
ogy), scanning and transmission electron microscopy, and special
morphometric procedures. These techniques were applied to one study in
the Departmett of Comparative Medicine addressing cellular responses in
disease, and to 30 additional studies in collaboration with or in sup-
port of principal investigators from other departments in LAIR and LAHC
as required. The specific work units and programs requiring complete
veterinary pathology support are tabulated in the text of this report
and all resulting publications are listed.

STUDY NO. I Initial attempts to use the peroxidase labeled-antibody
technique to demonstrate feline syncytial forming virus (FeSFV) in cell
cultures were unsuccessful. Rabbit anti-owl monkey IgG was prepared
and purified. This antibody solution was used, along with the immuno-
peroxidase procedure, in attempts to demonstrate IgG in plasma cells in
sections of lymph nod.e. The presence of background staining and other
technical difficulties led to negative results.

55



BODY OF REPORT

WORK UNIT NO. 061 Disease Mechanisms at the Cellular Level

STUDY NO. I Feasibility of the use of immunoenzyme-
labeled antibody in the histopathological di-
agnosis of viral laboratory animal diseases

PROBLEM

Healthy laboratory animals are a vital resource for Army medical re-
search. Diseased animals are wasteful of this resource and the loss is
compounded when experiments cannot be evaluated properly because of in-
tercurrent disease in the research animals. Accurate and expeditious
means to detect and diagnose diseases, particularly viral diseases, are
therefore highly desirable. It is usually impractical to use standard
procedures to culture, isolate, and identify the virus(es) that cause
disease In laboratory animals. Techniques using enzyme-labelea specif-
Ic antibody have been used for rapid detection and identification of
viral antigens in human tissue. The advantage of these techniques lies
in tuieir rapidt'ty, sensitivity, and reliability. This method will be
adapted to detect and identify viral antigens in fixed and frozen tis-
sue as a rapid and economical means to diagnose specific viral diseases
of laboratory animals. When the technii4ue is established for a model
system, it will be adapted by using appropriate antisera for quick iden-
tification of other specific viral antigens which may be present in the

tissues of both sick and apparently healthy laboratory animals.

Candidate diseases for which a rapid specific detection method is needed
include herpes and syncytial viral (FeSFV) infection in cntq-, adenoviral
infection in owl monkeys, and Sendal viral infection in rodents. Sur-
veillance for presence of viral agents is conducted under Project
No. 3X762772A812, Work Unit No. 002, Study No. 3; viral isolates and
known infected tissue from that work are effectively used in this study.
If this study is successful, this relatively inexpensive technique will
preclude future need for expensive culture, isolation, and identifica-
tion of these and similar viruses.

RESULTS A.) DISCUSSION OF RESULTS

Since many of the cats used as experimental animals at LAIR carry FeSFV,
we attempted to use this system as a model to test the feasibility of
the enzyme-labeled antibody technique for itmunochemical diagnosis.
Cell cultures known to contain FeSFV were stained by the indirect meth-
od using rabbit anti-FeSFV antibodies and goat anti-rabbit IgG labeled
with the peroxidase enzyme. Results were disappointing because of non-
specific staining, poor fixation of material, and other technical diffi-
cult ies.
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Rabbit anti.-owl monkey IgG was prepared for use in immunohistochemical
procedures as follows. Owl monkey IgG was precipitated from whole ser-
um by addition of saturated ammonium sulfate. After purification with
the superfine grede of Sephadex G-200, the IgG with Freund's complete
adjuvant was injected 3 times into rabbits. Gamma globulin from the re-
sulting hyperimmune rabbit anti-owl monkey serum was precipitated with
ammonium su.lfate 3 times, redissolved and stored in vials at -400C.
Initial attempts were made to use this material to demonstrate IgG in
plasma cells of owl monkey lymph node. The peroxidase-antiperoxidase
technique was used. Intense background stnining, poorly preserved lymph
node tissue, and technical difficulties led to negative results. Work
on this study had to be curtailed in order to provide support to other
studies with higher priority.

CONCIUS IONS

The development of a peroxidase-labeled antibody method to diagnose vi-
ral diseaset; in laboratory animals may be feasible. If an accurate. re-
liable, and sensitive technique were available, it wuld be extremely
valuable in animal colony disease surveillance and control. Development
and testing of the technique will be difficult and time-consuming and
should be undertaken by an investigator who can devote considerable time
to the study.

RECOMMENDATIONS

This study will be terminated because of the departure of the principal
investigator and co-investigator, and reorganization of LAIR. New std-
ies to develop and adapt improved histological, histochemical, and ul-
trastructural techniques to support LAIR investigators should be
initiated following reorganization.

PUBLICATLONS

None

LNNU BERED STUDIES

In addition to the cell-level studies of disease mechanisms, this work
unit provided support in patl, "logy and electron microscopy for all in-
vestigators of LAIR and Clinical Investigation Service (CIS), Letteroan
Army Medical Center. Specific veterinary pathologic services, i.e.,
animal necropsy, microbiology, histopathology, and clinical pathology;
and special techiques, i.e., ;tistochemistry, morphometry, and electron
microscopic autoradiography, were performed. Based on careful records
for FY 1978, approximately $28,000 was spent from this work unit for pa-
thology services to investigators in other work units. The sum includes
civilian technicians' pay and benefits, expendable supplies, and pro-
rated overhead for civilian and military technicians. Officer (investi-
gator) salaries and overhead, equipmnt, and costs attributable to
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administrative functions and leave are not included in this figure.

Support and collaboration by veterinary pathologists were provided for
the LAIR studies listed below. Outcome of those stud!.-s is reported
elsewhere in this annual report. Publications resulting from collabo-
rative efforts are listed at the end of this section.

LAIR STUDIES PROVIDED WITH COLLABORATION/SUPPORT

BY VETERINARY PATHOLOGISTS - FY 1978

Project No. Work Unit Project No. Wcrk Unit

3A16110IA91C 040 3M762772ALb12 001
042 002
043 003
045 024
046 3E762772A813 025

3M161102BS02 056 3S76277A2814 004
065 008

067 009
070 Ol
071 013

3M62772A810 001 016
004 019
010

3M762772A811 001
002
004
007
010

Support and collaboration were also provided by veterinary pathologists
to several Clinical Investigation Service. Letterman Army Medical Center
studies, the majority of which are still incomplete. The services in-
cluded animal tissue evaluations in studies of synthetic prosthesea for
large veins, treatment of experimental spinal cord trauma, induced preg-
nancy toxemia, and osteomyelitis.

PUBLICAT IONS

I. CHANDLER, J.S. and T.J. BUCCI. The ontogenesis of calcium-binding
protein in fetal rat kidney. (submitted for publication)

2. FRIEDAN, H.I.., F. DeVENUTO, L. LOLLINI, P. HELLICK, and T. ZUCK.
Morphological effects following massive exchange transfusions with a
stroma free hemoglobin solution. I. Liver. Lab Invest 39:167-177,
1978
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3. FRIED14., H.I., F. DeVENUTO, L. LOLLINI, P. MELLICK, and T.F. ZUCK.
Morphological effecta following massive exchange transfusions with a
stroma free hemoglobin solution. I. Kidney & brain. (submitted
for publication)

4. KELLEY, S.T., T.J. BUCCI, and S. SILVEPMIA. Physical growth and
skeletal maturation in laboratory born owl monkeys (Aotus !E.).
(submitted for publication)

5. MORRISSEY, R.L., D.T. ZOLOCK, T.J. BUCCI, and D.D. BIKLE. Immuno-
peroxidase localization of vitamin D dependent calcium-binding pro-
tein. J Histochem Cytochem (in press)

6. MORRISSEY, R.L., D.T. ZOLOCK, D.D. BIKLE, R.N. EMPSON, JR. and
T.J. BUCCI. Intestinal response to a 25-dihydroxy cholecalciferol.
I. RINA polymerase, alkaline, phosphatase, calcium, and phosphorous
in vitro and in vivo calcium transport and accumulation. Biochim
Biophys Acta 538:23-33, 1978

7. MORRISSEY, R.L., R.N. E'PSON, JR., D.T. ZOLOCK, D.D. BIKLE, and
T.J. BUCCI. Intestinal response to a 25-dihydroxy cholecalciferol.
II. Cellular localization of calcium-binding protein. Biochim
Biophys Acta 538:34-41, 1978
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23. (U) Upper respiratory infection Is the most common illness that affects military
personnel. Soldiers are frequently exposed occupationally to airborne chemical agents
that damage respiratory tissues. Knowledge of basic mechanisms by which respiratory
epithelium is repaired following injury is inadequate and is required so that clinical
management of personnel with acute respiratory injury can be improved. An animal model
to study basic repair mechanisms in the respiratory tract will be developed.
24. (U) The initial experiment in this wvork will be done in rats. Animals will be ex-
posed to sublethal concentrations of a corrosive gas to produce respiratory injury. The
duration of cell cycle phases in exposed and control animals will be determined at three
levels of the respiratory tract by autoradiographic techniques. Epithelial prolif era-
tion and differentiation will be studied by light microscopy, scanning and transmission
electron microscopy, and electron microscopic autoradiography. Selmiquanditative tech-
niques to assets the regenerative capacity of respiratory epithelium will be developed
and standardized. Smokes and gases noxious to troops can then be compared.
25. (U) 7710-7809 Lung tissues of all control and owone-expostd rats that were sacri-
f iced at Intervals from 30 minutes through 48 hours after injection with tritiated thy-
midine have been prepared for light microscopic autoradiography. Preliminary
examination of lungs from dogs, cats, pigs, rhesus monkey%, and owl monkeys suggests
that the primate lung more closely resembles the human lung morphologically and would
thus provide the most suitable animal model for future pulmonary studies. Progress was
cur tailed greatly because of requirements to provide electron microscopy support tojother LAIR projects with higher priority. This work unit will be terminated because of

treorganization of LAIR.
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tABSTRACT

PROJECT NO. 3MI61102BS02 Basic Mechanisms of Recovery from
Injury

WORK UNIT NO. 062 Response of the Respiratory System
* to Injury

The following investigations have been conducted under this work unit:

STUDY NO. I Epithelial regeneration in tne upper respiratory
tract following acute oxidant injury

Unnumbered (Reported under work units of other LAIR investi-
Studies gators)

Work performed under this work unit included transmission and scanning
electron microscopy, special morphometric procedures, and autoradio-
graphy (both light microscopy and transmission electron microscopy).
These techniques were applied to one study in the Department of Com-
parative Medicine addressing the regenerative response of the lung
following acute oxidant injury and to 12 additional studies in collabo-
ration with or in support of other principal investigators. The latterIeffort represented complete support in ultrastructural evaluation of
tissue for LAIR investigators who required it. The specific work units
and programs supported are tabulated in the text of this report and all
resulting publications are listed.

STUDY NO. 1 Fifty-two sections of lung and fifty-two sections of

trachea from twenty-six ozone-exposed and twenty-six control rats killed
at intervals following tritiated thymidine injection were processed for
light microscopic autoradiography. Much of this work had to be re-
peated because of technical difficulties associated with development of
the photographic emulsion and subsequent staining of tissue sections.
Examination of these preparations indicates that they are of sufficient
quality and labeling intensity for analysis. Preliminary examination
of autoradiographs of tracheas from control animals revealed only a few
labeled cells, a situation which poses major difficulties in determina-
tion of component phases of the cell cycle. Normal lungs of three dogs,
three cats, one pig, two rhesus monkeys, and one owl monkey were
examined by light microscopy and scanning electron microscopy in an ef-
fort to determine which of these species had distal pulmonary airway
structure (respiratory bronchioles) most closely resembling that of
human lungs. Sections of distal airway from one animal of each of these
species was examined by transmission electron microscopy. Of the

distal airways examined, those of the rhesus monkey most closely re-
sembled those of human lungs suggesting that this species might provide
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the most useful model for atudies designed to study the response of
distal airways to inhalc4 materials.
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BODY OF REPORT

W.ORK UNIT NO. 062 Response of the Respiratory System
to Injury

STUDY N4O. 1 Epithelial regeneration in the upper

respiratory tract following acute
oxidant injury

PROBI.EM

Upper respiratory infection is the most common illness that effects
military personnel both in training and in combat situations. Soldiers
are frequently exposed occupationally to airborne chemical agents that
damage respiratory tissues. Of the 91 chemical compounds that are com-
ponents, by-products, or residuea of pyrotechnic devices in use or under
development by DO) agencies. 25 have been shown to be moderately or
severely toxic to humans or animals when the fumes are inhaled. Explo-
sive and incendiary munitions have similar chemical composition and,
therefore, constitute an additional toxic hazard, especially to troops
exposed in confined spaces such as bunkers, entrenchments, and armored
vehicles. Epidemiologicnl evidence and clinical experience indicate
that chemically induced injury to respiratory tissues can prodispose a
person to upper respiratory infection and other non-infectious but
equally debilitating pulmonary disease.

Knowledge of basic mechanisms by which upper respiratory epithelium

heals is inadeqtite and is required so that treat',wnt and clinical
management of patients with upper respiratory injury can be improved.
Thie study was initiated to develop a laboratory animal model for study
of basic repair mechanisms in the respiratory tract.

RESLITS AND DISCUSSION OF RESULTS

As indicated in the Anntual Research Progress Report for FY 77, upper
respiratory epithelial injury wos produced in rats by subjecting them
to non-lethal concentration (0.8 ppm) of a highly corrosive gas (ozone)
for 8 h. Exposed and control rats were given 500 Ci 3H thymidine by
ittraperitoneal injection immediately following ozone exposur,. They
were killed at intervals following injection of the isotope. Trachea
an? lungs from each animal were fixed by airway perfusion with
KArnovsky's fixative for subsequent examination by light microscopy
(LM), transmission electron microscopy (TE'), scanning electron micros-
copy (SEX), and LM and TEh autoradiography.

No lesions were detected in tissues of control animals. Exaum. ..on of
tissues from selected exposed rats by L and SEN indicaed tha. chc
degree of epithelial injury produced by ozone exposure should be
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sufficient to stimulate epithelial regeneration in terminal bronchioi.es
and alveolar ducts.

During the reporting period, cross sections of mid-cervical trachea and
longitudinally bisected sections of terminal bronchioles from the
52 rats k4l1ed during the first 48 h after injection were coated with
photographic emulsion for LK autoradiography. LM autoradlographic
preparation of many tissue specimens had to be repeated because of
technical difficulties encountered in the development of photographi,:
emulsion and subsequent staining of tissue sections.

Examination of autoradiographs indicates that the quality of prepara.-
tion and intensity of nuclear labeling is sufficient to identify post:
mitotic cells. However, the number of cells labeled, especially in
sections of trachea from control animals, may not be sufficient to de-
termine cell cycle times.

In human lungs the typical distal airway consists of well-developed
respiratory bronchioles. These smll airways are prime targets for

damage by inhaled noxious agents. The pathogenesis of chronic obstruc-
tive pulmonary disease has been linked to damage of these airways.
Rats lack well-developed respiratory bronchioles and are, therefore,
not an ideal animal model for pulmonary studies designed to evaluate
the effect of inhaled materials on distal airways. During this report-
Ing period, normal lungs from 3 dogs, 2 cats, I pig. 2 rhesus monkeys,
and I owl Aonkev became available for ctudy. These animals were In-
volved In other 'LAIR studies which had no effect on pulmonary structure.
Lungs from these animals were examined grossly, histologically, and by,

scanning electron microscopy. Distal airways from one animal of each
species uere examined by transmission electron microscopy. Although
there are many variations in ultrastrectur, of bronchiolar epithelium
in the species examined, results indicate that the dog, cat, rhesus
monkey, and owl monkey have respiratory bronchioles more closely re-
sembling those in human lungs (although there are significant differ-
ences).

CONCLUSIONS

Exposure of rats to 0.8 ppm ozone for 8 h produces sufficient damage in
terminal bronchioles to stimulate epithelial regeneration: it is
doubtful that such exposure significantly increases the labeling index
in the trachea. Increase in the duration of exposure or the concentra-
tion of ozone would probably increase the value of the model for study
of epithelial repair in the trachea. The rhesus monkey has distal air-
way structure similar to that of man, and, therefore, would be a more
suitable animal model for definitive pulmonary studies than would
either the rat, pig, dog, cat, or owl monkey.

Progress on this investigation was sharply curtailed because of require-
ments to support other LAI'R work units.
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RECO1MENIDATIONS

Although it has multiple potential application in military medicine,
the electron microscopy facilities vili be required for support of
other projects after the reorganization of the Institute. Since there
will be insufficient technical assistance and investigator input avail-
able to continue thie investigation, this study is being terminated.

PUBLICATIONS

None

UNNUMERD STUDI ES

In addition to pulmonary studies, this work unit provided support in
electron microscopy, morphometry, and autoradiography for other LAIR
projects. Approximately $23,000 was spent from this work unit for ser-
vices to investigators in other work units. The sum includes civilian
technicians' pay and benefits, expendable supplies, and pro-rated over-
head for civilian and military technicians. Officer (investigator)
salaries and overhead, equipment and costs attributable to leave and
administrative functions are not included in this figure, Support and
collaboration by officers and technicians on studies requiring electron
microscopy are indicated below. Results of those studies are veported
elsewhere in the Annual Report.

LAIR Studies Provided With Support

in Electron Microscopy. Morphometry, or Autoradiography

Project No. Work Unit

3A1611OIA91C 046
042

3M161102BS02 056
061

3M762772A1I0 001
3X762772A811 007
3762772A812 001
3E762772A813 025
3S762772A814 004

Oil
016
019

PUBLICATIONS

None
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23. (V) The severe stress oncotintered in warl~re may influence the soldier's ability to
perform combat essential activities with &ax'.mum icfficiency. The objectives of this
rea~arch are to study 1) weapons effects on the pfrformance of military task&, 2) weapons
systeum envizonments and combat effectivene~s, smd 3) biomedical factors liaitiag soldier
effectiveness. Rasear(h is conducted under tield conditions and in the laboratory.
24. (U) Animals or human subjects are subjected to conditions wihich produce stress of
varyltig intensity and durations. The effects of streitsors are confirmed blochosically
and through abservation of physiological and psychological Indices. 9"rpeinental stress

is then related to the ability of sthbJecs to perf.rm various tasks. For human subjects,
target acquisition and tracking. communications, endurance. and vigilance tasks art eo-

played. Operant technique* are used with ant'aalcubjects.25. (U) (7710-78"k). A field simalation laboratory has bean constructed which will f a-cilitat. the controlled Investigation of biomedical factors which say influence laser
designator *otationm, thrwagh their effects on the individual. The laboratory includes a
&and bag bteker housing a laser designator, * terrain model, and scale model remote contrt
targets. Automatic data acquisition and cosputear control of experimental conditions are
essploYed. laselin, designator njierator performance data are being collected. These date
will be used to validate the si'aulation against comparable data collected under field
conditions.
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AM'rRAC

PROJECT NO. 3EI61102AS02 Basic !IechAnInr of Recovery frorm
Injurv

WORK tNIT NO. 065 Mtilitiry Streas and Coibat
Fffect ivene.s

The follovin. investil'atinn hu' been conducted under this work unit:

STUDY NO. 6 1tomedical factors affectins, laser designator
operator performances.

The increasint use of laser devices in trnininr, as veil as their
proposed use in Coibat operattons. has led to the studv of blomedical
factors related to laser operations. A laboratory has been established
which vill provide essential Inforiation concerninR the effects on
laser desipnator operators of psychological stress environnental
factors, and anti-personnel counterv.astires. Preliminary data are
available from volunteers who uned a lamer desir.nator to track scale
model remote controllec tnr.ets tnder strulnted field conditions.
These data vill be used to validate the airuintlon throuph cocpnrion
of the laboratory data With published data obtained usinnr laser
deaipnators under field conditions.

67

67

€' I f



BODY OF RPORT

WORK UINT NO. 065 Military Stress and Combat
Effectiveness

STUDY NO. 6 Atomedical factors affecting laser
PRU designator operator performance

rROlql.g?

Laser ranpefinder-dentgnator devices and laser weapon systevs will play
an iportant role in future military operations. The increasing use of
laser devices in training, an well as their proposed use in corhat
operations, has led to the study of biomedical factors related to
laser op- : nn. As one part of this effort, a laboratory has been
establishe in which those biolorical and behavioral variables which
could influence laser rangefinder-designator operator performance will
be studied. This laboratory will provide essential Inforration
concerning the effects on laser designator operators of psychological
stress, environmental factors and anti-personnel counterreasutres.

RESttTS AMD DTSC1ISSIAn OF TIlE RESULTS

The field steulation which has been developed c¢nsists of a sand-bag
bunker, terrain model, a laser ranpefinder-desirnator, repotely
controlled targets, and a control room. The bnker houses the laser
designator. It is also itsed to control the soldler's woritr environ-
sent and to provide a depree of isolation from dbotractions occurrinr
elsewhere in the laboratory. The terrain odel represents a desert
environment, but may be readily modified to sirmilate other operational
environments. The laser ranrefinder desinator wtn designed to
incorporate features of similar devices which are being conaidered for
field deployment. Thuts, the operator performnce data obtained ewith
the use of this device will be applicable to extstinr and proposed laser
designator svsters. The target vehiclea are capable of variable speed
remote controlled movement anywhere on the terrain model. Fach vehicle
Is equipped vith an electronic locating device which is used to monitor
target £mveents durinp the execution of manual or conviter controlled
target ianeuvers. The tarnet vehicles are also equipped witft laser
sensors which transiit coded radio frequency signals whenever laser
irradiation from the designator contacts critical target tones on the
vehicle. These signals are processed to provide one setarce of Infor-
mation concerning the airing and traing abilities of the designator
opera tors.

Preliminary data are available fror volunteers who used the laser
designator to track targets during amtple left-to-right and rirht-to-
left target maneuvers. These data will be used to validate the
simulation through comparison of the laboratory data with published
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MI
data obtained when laser desipmators are used under field conditions.
Statistical analyses of the prelirinary data are in proress.

CONCLUSIONS

None

REMOMMATIONS

D.nta reduction and analy,:s should he cotpleted.

Pt BL.TCATIfMS

None

OTIFR III.CATIONS Pr.FPAPFD BY GROUP

1. STAMPEM, D. A. Phvsiolopical, Psycholopical, and Symptnmitic
Factors Affectinp Prolonged Physical Perfnrrnce. R.emort No. 56.
San Francisco, California: Letterran Armiy Institute of Research,
July 1078

2. LEIRRClIT, A. C., A. LLOYD, and P. A. O'A.. Field Study of
Stress: Psychophysiolopical tensures durin, Prnject S IT':. LIAP
Report No. 5f. San Frnncisco, California: LetterrAn Army
I:sstitute of Research. July 1978
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23. (U) The objective is to define the physical-chemical characteristics of the stratua
corneum and its interaction vith water, chemicals, altraviolec radlation, and environment
These characteristics are fundamental to the etiology of several epideric dermatological
disorders caused by exposure of the soldier's skin to the environment and are also appli-
.able to the behavior of topical preparations in h=an skin.

24. (U) ,easureent.t of skin permeabilltv and evaporation vates of insect repellents i
vitro and in animals continue to provide guidelines for formulating compounds and vehice
to extend the duration on the %gin and thereby increasing protection. These measurement
also provide toxicolgical data for estimation of chemical exposure folloving topical
pplicat on in man.

?5. (VI 77 10 - 78 09. The percutaneous penetration of three radiolabeled insect rep21
lients was determined in hairless dog&. Following both intraveneous and topical adminl-
,tration. urine, feces and blood samples were assayed for radioactivity by scintillation

ounting. The evaporation/penetration characteristics of three radlolabeled insect repel
pents were determined in vitro Fermeability chanbers; methodology developed can be used
to deter-Ine repellent evaporation in man for ron-radiolabeled repiilents.
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ABSTRACT

PROJECT o. 3"n161102rA2 Basic t~ochaniash of
Pecovery fro,- Injury

V:ORx t,:vT NO. 066 Physical, Chemical Char-
acteristics of iuman
Stratum Corneum

The following investigations have been conducted tinder this work
unit:

STUDV NO. 1 Percutaneous absorption of C-14 labeled insect
repellents in hairless dors

STI'DY 1:O. 2 Penetration/evaporation of C-14 labeled insect

repellents in vitro

STUDY N. 3 Clenical assay of insect repellents

STUDY NO. 1 The percutancous penetration of three insect repel-
lents, m-deet, p-deet. and ethylhenanedfol were determined in the
hairless dor. The results compared favorably to available himan data.

STUDY 1.O. 2 The in vitro evaporation-penetration characteristics
of tt-deet, p-deet, and ethvlhexanediol have been studied on excised
skin. The techntnue developed can be extended to measurement of
evaporation rates with non-labeled repellents.

STUDY No. 3 Cherical assays have been developed and deterr.inations
have been made of physical charactertstici of 3 insect repellents
(r-deet, p-deet, and ethylhexanediol). These procedures provide
necessary surport for forthcor'inr forrulation studies.
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BDY OF REPORT

WO1 UNIT NO. 066 Physical, Chemical Charac-
t teristics of Human Stratum

Corneus

STUDY NO. 1 Percutaneous absorption of
C-14 labeled insect repellents

in hairless dogs

The hairless dog is a promising animal model for screening insect
repelents. The dog compares favorably to man in respect to the
duratlion of time that repellents remain effective. For the most com-
monly used insect repellents, NN-diethyl--tolumide (m-de,). N.X-
diethpl-p-tolusaide (p-deet), and 2-ethyl-l,3-hexanediol, the duration
of priotection time in am versus dog is 5.7 vs 7.2 h, 4.8 vs 5.2 h and
3.9v 3.3 h, respectively, when all were tested at a dose of 0.32
mg/€ (Study N o. 2. Work Unit 003). It was therefore impor :ant to
determine the permeability characteristics of the skin on the dog's
back (where insect repellents are tested) and to compare this to
available human data.

The study was divided into two phases for each compound: Intraveous
admimstrgtion of approximately 2 PCI to 3 dogs and then topi:al
application of approxiattly 5 pCI to 3 dogs. The Intravenous; phase
permil.tted correction of ico;ia.-ews t excretion during th.! topical
phase. During both phases, the hairless dots were housed individually
in maecabolic cages for urine and feces collection.

RES=1 AN4D DISCUSSIM~ OF RESULTS

Urinary excretion was the major route of ell ination of the Ca'rbon-14
labeled insect repellents -det, p-deet, and 2-ethyl-l,3-hexanedfol
in the hairless dog after intravenous and topical application.
Insigpificant arounts were found in the feces from both sdminiitration
routem. After intravenous administratio, average urine recoveries
were 90.6: for a-deat, 87.5% for p-deet, and 86.1% of the appl:ief
dose for 2-ethyl-l,3-hexanediol; the bulk of the radioacl:ivity was
recovered within the first 24 h. Blood level radioactIv.ty fell to
near background after to 8 h with all of the conpount.s after intre-
venous administratifon.

After topical administration, average urinary recoveries (corrected
for Is€ompleteness of excretion as determined by the intravenous
ad*11n1tratlon) were 1.92 frt "deec 7.61 for p-deec, avmd 10.3 2 for
2-ethyl-l,3-hexanediol. Excretion wos near complete after 4 to 5 days.
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Padioactivity levels in the blood samples after topical administration
were too low to be determined accurately.

Substantial amounts of radioactivity were recovered from the peripheral
protective patches used in the topical experiments vith average
recoveries of 75.32 for m-deet, 73.62 for p-deet, and 52.8% for
2-ethyl-l,3-hexanediol. Since the patches did not physically toqch
the 4pplicatton areas, these levels probably arose from evaporation of
repellent from the skin surface, and froy naturally shed stratum cornesp
that was trapped in the patch. Total recoveries for the topical phase
were 83.72 for me-deet, 82.02 fo p-deet and 63.02 for 2-ethyl-l,)-
hexanediol. Only small anounts (approximately 12 or les of the
applied dose) of radioactivity were recovered from the skin surface
*8 and 96 h after application. This was expected, mince the compounds
studied provide only 3 to 7 h of protection against mosquitoes at the
doses used (0.32 mg/cm2) (Study No. 2, Vork Unit 003).

In our study, recovery of radioactivity in the dog urine after
intravenous administration was considerably higher than has been
reported by others in man (90.62 vs 52.32), although the rate of
urinary excretion in the dog following intravenous administratiot yas
comparable to that in man. Although differences in technique rane
it difficult to compare the results obtained from the dog* with thoe
in man with regard to percutaneous penetration of m-deet, ve conolude
that the percutaneous penetration of P-deet does not differ markedly
from that found in nan. No reports of the percutaneous penetration of
p-deet or 2-ethyl-l,3-hexanediol in man have appeared, although It
can be assumed that the percutaneous penetration of p-deet would
resemble its isomer, m-deet, as found in the dog.

Co~c sIMs

The permeability characteristics of the hairless dog's skin do not
differ markedly from human skin. More carefully controlled studies
will need to be done to establish the value of the hairless doe as an
animal model for other percutaneous penetration studies.

PECOp4ENDATIONS

The lack of Parked difference in permeability of mosquito repellents
in man and dog suggests the uve of the hairless dog as an animal model
for repellent duration studies. From a toxicological vivpoint, the
effect of changing dose/unit area versus percent penei:ration should
be ilvestigated. Chemical dose/area magnitudes lover than actual
use dosage may lead to misleadingly high percent penet:ration.
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PUBLICATIONS

i. PvIFEN.P,rLii, V'.G., J.A. ILL, P.D. ROB INISON. D.L. 14CVEY,

17.. A1 EFS, M. ANGO and I!.I. MAIBACHI. rercutaneous absorption
of C-14 lebeled insect repellents in hairless dogs (Submittee
for publication)

STUDY NO. 2 Penetration/evaporation of
C-14 labeled innect repel-
lents in vitro

PPOBLLW

The develop-ent of irproved ,osquito repellent foundations re-
auires that excessive evaporation froe the surface of the skin
and penetration into the skin be minimized. Development of in
vitro technicues to &easure these iodev of loss is required. From
a toxlcological standpoint, estimates of relative in vivo penetra-
tion of inqect repellents could then be made from the in vitro data.

PUSULTS AND DISCUSSION OF RESULTS

The in vitro evaporation-penetration characteristics of three
labeled insect repellents, m-deet, p-deet and ethylhexanediol on
excised skin were studied. The average percent of applied dose
to evaporate (corrected for efficiency of recovery was 17.5 + 3.5 for
m-deet, 11.4 + 4.9 for p-deet, and 45.6 + 5.3 for ethylhexanediol ).
The average percent of applied dome found to penetrate (as deterined
by the arount of radioactivity enterinp, the loer Ringer's lactate
chamber durinsr a 12 h period) was 3.4 + 3.2 for w-deet, 11.8 + 9.6 for
p-deet, and 15.4 + 5.5 for ethvlhexanedio). Total recoveries-in these
experiments wcre 68 + 8 for m-deet, 83 + 10 for p-deet, and 85 + 42
tor ethylhexanediol.

As expected, the more volatile ethvlhexanediol has a higher perceat
evaporation tan either of the two deet Isoeers. The evaporation
levels (up/cr/h). versus time for the repellents were 6.5 (1 h),
6.8 (3 h). 3.8 (5 h) and 3.4 (1(, h) for m-deet: 7.1 (0 NO
5.7 (3 h). 2.9 (5 h), and 2.7 (10 h) for n-deet: and 30.2 (1 h).
18.9 (3 h), 10.1 (5 h). and 5.0 (10 n) for ethylhexznediol. Since
the average duration of protection in volunteers for w-deet is 5.1 h,
for r-deet is 4.8 h, and for ethylhexanediol is 3.3 h, it is expected
that the rinipum effective evaporation levels for the deet isomers
would be near the 5th hour evaporation levels, vhile that for ethylhexi
anedfol wc.uld be near the 3rd hour evaporation level. easnur*mnts
of the evaporation level at the ininwr effective dose (as measured
in vc-dunteers with nw-,abe-Ied repellmnt) for the". repellent. are
in progress.
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*rin vitro riasurcrientn of repellents on excined -%I-in Provide
cstirrates for tvo inportant rodes of lonn of repellents fror-
the surface of the slin, cvar'oration, and penetration. T'he
vartAllility in the data reflects thnt i-hich c: intn for huran
qkin, an different skin sa-mrleq were used for rerlication. The
evaporation level-; can lie used to (-,tirnte the nini-un effective
evaporation rate ("Errj) neccqnary to repel ros;niitoeq%.
Yorrulations of these r.'osntsito rencllents; de'.Orned to reduce
loss t~v cecssqive evaporation ird penetration ijil1 have to
raiitain evaporation rates afh.-ve the -Il'.

PECfl?1TU~DAT I MIS

The-c fit vitro 'qtudies -thouli be cxten'cd to tv-o otl-er avallable
4.labeled rcrellents. carhatis-dc and stulfnonIce. The teclinfaucs

developed in this study for varor collection albove skiAn can and
should be u-ed for sirilar rcasurerents with non-labclcld repellent-,

in volunteers and for screcnitt. rereilent forrialatlons In vitro.

k 1. !HL'"E1.LR. N1.M., T.S. SPENCER. and Y.A. AKERS. Effect of harveat
methods on hydration properties of stratum corneun. (Submitted for

publication)[ SUDY~O.3 ('henical aqqav of Insect
renel lents

"Ma.litAtiVe 3'qsnV of ronettito res-ellent c',erictlst for Prrtv and
reproducibility frot s..irrle tn n.'or-le t- renrs(-rd. nunntitative

aayiq neceiqary fo'r a-;ses-opet of lifetinc of rerellent-s on
Olae skitn. Various ,!-v-ical cler-ical rea-turerent-z of renellent
"jropertieq are ncedcc' for forr.altfon von'e.

ran chroratorrar-hv in a r-cthod or-l-'oed to ch'terrine te Prnty
of Insect rrellent chen r.on, and to nnsav t'ir quantitAtively
byv tCie Iiternal -standlrd rcthot!. (*,.t cmrerntorarhic conditions
have teen determinedi for the tjuatItat!ve deterrmirption of a
varietv of insect repellent-i In dic'ilororet"pne or carbon diqulfide
nolution wit', direthvilr'itital-,te as an internal stATIOArd. ".olid
qtate Adsorption tecainfiten for sarplin. repellent above the skiAn
have been developed. In colLAb~oration with Patrick Jones, MD..,

Department of Chemistry, tniversity of the Pacific, 1york is In

75



prorress for ran chromatography/ass spec:rometer analysis of
trapped repellent vapor. Thin layer chromatographic conditions
fnr qualitative aesay (stabtllv studies) of various repellents
in ethanol solution are oprpoinp. Procedures for measurement of
viscosity (Thomas .t,-er) surface tension (hanarinp drop method)
and density have been developed and the measurement ,or a variety
of entablished and candidate repellents are in prngress. These data
are necessary for formulation vork. Data from physical measurements
are Input into computer data managenent systems (Study No. 1, Work
Unit ('r03)

CONCLUS I CRIS

variety of physical-chemical measurement techniques have been
developed for qualitative and quantitative assay of mosquito
repellents.

FPCO)OXNDATIONS,

The procedures outlined in this part of the work unit provide neeessary
support for formulation studies, and mePsurement of repellent lifetime
on the skin, and should continue

PUBtCATI S

Rone
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(U) Skin; (U) Pathogenicity; (U) Iron; (U) bxocallular products

3. (U) Under unfavorable conditions, epidermis of fungal infections can incapacitate
8 percent of combat soldiers vithin 16 days of f;rst exposure, vith the average period
f incapacitation 7.3 days. The biochemical pathways fungi use to attack skin will be
nvestigated. Mechanism of iron acquisition by dermatophyte will be investigated.
chanisms of cell vail synthesis and production of toxic or irritant products by dorms-

ophytee will be investigated.

4. (U) The approach will be to 1) determine the iron requirements, the mechlsms of
ron acquisition, the relation of Iron acquisition c,%acity to pathogenicity of the de
ophytes, 2) determine conditions under which deomtu," yEes produce toxic at irritant
roducts. 3) determine If the toxic or irritant products are significant factors In the
athogenesis of dermatophytools.

5. (U) 77 10 - 78 09. A purified antigen has been prepared from Triohophytvf mento-
.- phytfs-. The antigen has been evaluated for reactivity and has been designated as
tasdara antilen for future use in our department. Iron requirements of S strains of
ermatophytes have-been dtetrmined. Production of exocellular iron chelators in respona
c low iron environmant has been measured. A medium has been developed which promotes
rthrospore formation in all dermatophytes rested to date. Exocellular product# isolated
rom fungi grown on this medium have been ubserved tc elicit highly inflnawetory cutaneo
*actions in guinea pigs.
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ABSTRACT

PROJECT NO. 31161102BS2 Other Tropical Vedicine

woK UtIT No. 067 Biochemical "'ochniisms of
Pathogenesis in Funeal Skin
Tnfectionn

The following Investigations have been conducted under this vork unit:

STDY O. I Preparation of purified skin test antigens of tate
der a ophytes

STUDY .o. 2 .'orphological and chenostructural characterization
of ontogenetic development of Trichophvton rtentagro-
phyte".

STUDY NO. 3 Determination of roie of iron acquisition on Crowth
of dermatophytes.

The studies are designed to determine rechnnisr.q of pathogenesis
of dervatophytes.

STLDY 'Ifl. 1 The first study concentrates on developnent of antigens
useful in ntudies of irmune responne to dernnitonhyte infection. A
large rnuaz:zel of antigens has been produced for use as standard antipen
and a defined oedium hA, been formulated %4Ailci provideq Adequate yield
of anti ea.

STUDY '.iO. 2 The study seeks to determine the relationship of morpholog-
ically distinct funral forms to the eventn of funal infections. Nutrient
requirements and environnental conditionn required for arthroppore
production are being deterr.ined. A fluorescent staining procedure has
been developed. The procedure is capable of staininr surface carbo- t
hydrates of fungi and Is nased upon specificity of lectins for
individual carbohydrates.

STbDY NO. 3 The third study i designed to investigate the role of
iron acquisition of dermatorhytee in establiqhrent of infection. Iron
requirevents for five strains of drratophytes were determined. In
addition, the five strains were evaluated for their capacity to obtain
iron by reasuring their production of iron chelntin, compounds and their
sensitivity to normal human serun.

78!
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VIM

BODY or i:rOTT

WOR K UNIT 4C). 067 Biochemical "eclianisrs of
Pathogenesls in Funral . in
Infections

STU1Y NO. I Preparation of purified skLin
test antipen- of the derrato-
p)t% tte'

Derratophyte infections are pro inent producers of medically debtlu-
tating skin lesions in soldiers. The nredorinnnt etiologic arentq
for such infections In V.S. Army personnel in the Tepublc of V'itnar
has been identified as Trichonthvton r ntan gE!S var. pranulart. Al-
though there is a voluminous amount of literature vritten ahout these
fungal infections, a paucity of information ret-ins rerardinr the
specific mechanist of pathogenesis. re-tearch fror this study has
been centered upon preparation and characterization of trichophytin
antipens. Preparation of adequate quantitien of antiren wili allo"
further investigation into the "echanisi cf patao.enetis due to the
host ir une response.

RLVU S AND DISCUSPIM OF RESILTF

Ve have developed a defined medium which supports rrov'th of dermatophytes
and whlch provides adequate vieldn of t1ichorhytin antipen. The tedium
was sequired to avoid a problem of sensititations with redia used
previously. The nev rediur is basxd upon tvpical lot analvsils cot a
cottonseed flover product used as medium for production of anti tiotics.
Since the medium is completely symthetic, it precludes senqlti.ation of
Individuals to rest proteins found in other media, and also lendR itself
for uose in other prolects. Antigens prepared in this moedlum appear
to be Imsunoloricallv indintinguishnble from those produced
in complex ox liver vediur .hen tested against rabbit antiqera
specific for purified trtchophvtin.

Trichophytin prepared in large quantities in a hiphlv purified state
is poesently available in the lepsrtizent of Derrnatolorv research,
h(ever, we have found no advantare of the purified antiren vhen
coppared to covrercially available trichophytin. The cost of
prepration is high in tens of tine, personnel, n surplies. The
tricwnphytin antigen does not contribute to immunity in dermatopivtoxii,
rather its contribution appears to be that of a major sensitizinG
antigen which is remponsible for hv.persxnqitivitv and probably
many of the observed patholoric effects.

...........



SRrCO! '"DATT fiNS

Irophylaxis or therapy or derratoprvtosis bpaed uron irunization

or im.une systev stiulation Anears to hold little prorise. rffirts
should be focused upon deterriinin, specific rechann15m5 of pathopenv,/n
vith the roal of interferinr vtth one of thene procesnes.

PULICATIWr

None

rTt)Y NO. 2 "orph'loriChl nnd chetrostructural

characterizAtion of the events of
ontorenetic developrent of
Trichonhvton rent arrnphytax

PrODW.P:

Deterpinine how saprorlhytic septate branchlnr r ycelfur chanres to
the pathopenic hyperserented myceliwu or arthrovpore form ,iI lead
to the identification of the conditions cAustnr this alteration and
its accor.panyinp enzyme mystens. An they becee knovn, thin vll
pernit altering the physical conditiong of the host or blocking
sove of the enzyr.e systers by chesotherap-! tihich may be prophylactic
or therapeutic measures ag&inst cutAneoux funpal Infections vhIch
rvlest our comhat troopn.

RESULTS" UD DISCUSSI0S OF R£t:ULTh (

An artificial medium has been developed vhicht apparently provides the
required Frovth conditions for fornulations of arthrospores in a tide
variety of dermatophytes. ___ _ _ ntarrohyten (2 strains),
.Trch~phyton rubrum (3 strains), Trichophvton veriucosum (one strain),
TrIchgphyton schonleInIi ( one strain). Trichophton tnesoras ( one
strais), ?Microsporum cani s ( one strain), icromporu sewn (one
strals), and one strain of the degatiscieous fungus Phialophura
verrufoss. All produce abundant arthrompores on this meditm.
Arthresporulation on this mediu occurs at 28, 32, or 37 C In either
liquid meludum or on solid redita' and i Indenendent of O2 concen-
tration. T. renta rojhytes Produces a kerstinme as ,wasured O'ith
keratIn azure. Isolated arthrosnores are found to germinste spontan-
eously when stored in sterile water at romo temperature overnight.

A fluorescent staininr method hap :.centlv been developed vhich
selec;ively stains polymers of X-autyl-plucopsa.ine (chitin, chitoun).
The vothod stains only polymers exposed or near the surface of fungal
slemests. Som progress has bee made in delineatint the events bf
cell wall production of the dermatophytes vith this stain. The
method Is capable of detectinr dematophytex in frosen sections of
skin.

so



CONCLUSIONS

A rexitod which provides morpholopic forms similar to those observed
in infected skin has been developed. This method coupled with the
fluouescent stain method may lead to Identificat.'- s d producticm
of uqits of dermatophytes which maintain pathogenic ;eterminants while
pro / f on artificial media. As a result, well defined studies to
determine those factors which promote dermatophyte growth in skin
ray to delineated.

rECJDA1CV

A major step required at this time is to enuate the rorpholoic Iorms
obsemved on the special redium described with those forms observed in
infecited skin and in the chorioallantlcc membrane model described
In FY 77 annual report. )ezernination of the structure of the der-
natopityte cell wall and comparison of that structure to the struqture
observed in vitro may represent a valid method to equate the two
rorpivlogic forms. The fluorescent staining method, when combind
with Relective chemical/enzymatic digestionshould provide those
co"Prisons.

I PU;LItCAT ICq

None

9MVDY No. 3 Pole of ricrobial iron
acquinition in dermatophyte
infect ions

Dermatophytes have lonr been known to be sensitive to iron deprivation

by normal human serum. The competition between a host and an infec-
tious ricroorganism for available iron stores may well provide a
dividng factor in the eventual outcoe of the interaction. Sinoe
microbial iron acquisition proceeds by a different mechanism than
mewtalain iron acquisition, it is believed that the system in one
which is suitable for investigations leading to interference with iron
uptake resultinp in provth inhibition of the dermtophytes.

RESLMS AND DTSCUSSION OF REStLTS

The study hAX been approached by (1) measuring the susceptibility of
varimn strains of Trichohton mentafrophytes to iron deprivation by
norw4 human serum, and (2) the retponce of these strains to iron
deprription In synthetic Padix, Hesmurements of growtb inh btio by
normal human serum have fhovn a correlation between serum sensitivity
and virulence. The less virulent strains (interdititale types) are

8.



more -zessitive Oaun irantilar tPn%.'. 11'en qu-tee to vairvfn! con-
centrotionR of iron in i-ntlietir T-dir. all stran-in *-ro- iitd in
;-r'r'Ul 1-y le-% than ().I rp iron/rni rec'1 ut. 1n additlori, .11) straJ"nq
produce'd exoce11tilar Iron cliclatorq in rnintine tn Oe~ lol' Iron
cond It I On .

CONCT UIZ(M"5

Tricilofhyton !rcujtpaxoplvtes have ai ltr'ted capacity to Rcnuire Iron,
A3 ev idenced 1,y the abilify of normal inn-an serum to restrict iti
grovch. IPoievcr, under lit-itinj iron concentration-i, tl,%: orfini-tv can
refi-pond vith hiph lcvel' of exocc11ular tron ciclator!-., capa! Ic of
accuting irou from ai lov fron cnviror~r-csat. Tlie i!,fltt- of the dert-ato-
phytds to acruire !ron t-ay be a -tirnif icar~ nt oj-nic factor.

Tltc *.tudies Wieuld continue L-,. Inive-tf-ati.-' directly tOw role of
iron on Infe~ction in nnir-alq. Ve rusAt deterrine If cxocellulnr iroit
citclators are produced In vivo and if re~triction of Iron in thec

A 4in can sirnificnratlv ccrcane Oe tir-e courne of dert-ntonhvte infection.

M DLICAT I ON
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~ :ccu o ni nssfracture- (U) March fracture; ('0 Non-union of bone;
(U)l-union of bone; (US Vitamno D eea~lisz: (U) Szal - testine.

personnel in training and cobat incur a n:. incicence of march (stress
and traumatic fractures vhich cause uch morbidity and d-ssilicy. ,(arch fractures
often heal poorly. About 30% of patients never return to C z". A large V'trcentage of
traumatic fractures heal sora slovly than normal or not at a:!. ".e will determine If
the metabolism of vitamin D is abno.ial iin these pat:erts ,La. responsible for the poor
heal.ng of bone.
14.(1,) T metabollsm of vitamin D wil be studi..t age ch

%:.arch fractures and in ani:als. Small intestinal :jcosa t: ;ntec via peroral biopsy it
the patients will be incubated in vitro and the uptake o. ca.:-.: and pnosphate, the
activity of alkaline phosphatase. and ribonucleic acid ., po.-.,erSe, anc the concen-
:ration of calcium binding protein v.il be d4termineL. hese :.areters l1 be
measured while the jAtients art on low and nigh cal:Lu- c.:s. The status of bone will
be determined by x-rays, osteodensitometry. bone bops,. a-. u :r-sound =easurecents.
The levels of 25-hydroxy vitamin D I 1,25-d'hydrox" v':a:'. :.. anc pa:atnor--one .ill
be determined. Parallel studies will be done in rac. ,t .c c;.=..s.
Z5.(U) 77 09 - 78 09. Calcium uptake in chick =itocnonL.:t uz: r.c Jifferent Ln rachitic
and ,on-rachitic anizals. Calciun uptake in chick =i:cc w.a., :3s enhanced by 1..25-

dihydroxy vitamin D added in vitro. Chicks treatoc %:.....'..-.:.. DI accu=ulatc.
1.24,25-trlhydrox)yvitasin D3 in the jut inucosa rat.er . - dro:~vltanin .31.

The tr"lhydroxy compound vis decreased vhen the a -Ir; "::: !e & r.I;; C2 and P ditz.
It. chick renal mitochondria the enzyme 24-hydro.lase va s:bl-:ec by Ca. K. P, and
bicarbonate. In patien:s vith hyperparathyroics$, ca':.- c- ,.nccz te effec: c!
parathor.one on the renal production of -vclic : anc "'. e: .... ..f ':"cs :-.

These same patients faill to dcreas their .: ... ".... . :i.ci. ..e:. ;!&co
on a hl;h calziun diet. This work unit is bei.; ta:=ir-:c_.

W * I AQA *ei ,*g1 Si~t.i I-.* **S .Ol .. 6. I.*.t *19. -0. I
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ABSTRACT

PROJECT NO. 341611M21S02 Basic Mechanisms of Recovery from
Injury

WORK UNIT NO. U70 Influence of Nutrients, Hormones and
Related Substances on the Recovery

The following Investigations have been conducted under this work unit:

STUDY NO. I The effect of 1,25-dihydroxyvitamin D3 and le-
hydroxyvit&atdn D3 on calcium activated ATPase,
calcium binding protein, and calcium and phosphate
uptake in the chick Intestine

STUDY NO. 9 The role of vitamin D in the etiology and treatment
of fractures

STUDY NO. I In the course of exploring the mechanism by which 1,25-
dihydroxyvitamin D3 (1,25(OH)2D3) mediates calcium transport across the
Intestine, we more fully explored aitochondrial calcium uptake. We
developed an efficient means of measuring this process In vitro and
characterized it biochemically. We observed that little difference
could be observed between mitochondria from vitamin 1-deficient and
vitamin D-replete animals. However, 1,25(OH)2D3 added in vitro in
physiologic concentrations enhanced calcium .ptake.

The influence of dietary concentrations of calcium (Ca) and phosphate
(Pi) on vitamin D metabolism and actions in chicks maintained on a
vitazin D replete diet was evaluated. W*e found that 1,24,25(OtD) D
not 1.25(OD)zD. was the principal metabolite In the gut under tLeLe
conditions. Yis trihydroxy vitamin ) metabolite, like l,25(ON) D . was
regulated both by dietat:o Ca and Pi. Like calcium binding proteina

(CaBP) concentrations and Ca transport, these metabolites were reduced
in chicks eating diets with high Ca and PI.

The above observations suggested exploration of the iouic control of
the 24-hydroxylase, the renal mitochondrial enzyme which produces
24,25(OH) D from 25OHID and, presumably, 1,24.25(011) D from 1,25(OR)D
Similar tJ 1heir effectJ on tie 250W 3 la-hydroxylase, he pe rIasMt2 3

cations calcium and potasiaLum acetate and the permeant anions phosphate
and bicarbonate stimulated the 2-hydroxylase. It seems apparent
that both 1-hydroxylation and 24-hydroxyiation of vitamin D play
a role in regulation of vitamin 1 action in the body.

STUDY NO. 9 Clinical studies in patients with a variety of boae
diseases have been performed since receiving approval of the protocol
in March 1978. Failure to adapt properly to changes in dietary
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calcium has been demonstrated in zome but not all patients with
hyperparathyroldism. Calcium has been found to enhance the effect of
parathornone on renal production of cyclic AMP anc, excretion of phosphate.
Developoent of the assays for the vitamin D metabolites required for
this protocol is nearing completion, but routine application of these
assays suffers from lack of equipment and personnel.

I8
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BODY OF REPORT

WORK UNIT NO. 070 Influence of Nutrients, Hormones and
Related Substances on the Recovery

from Injury

STUDY NO. I The effect of 1,25-dihydroxyvitamin
1) and Ita-hydroxyvitatain D. on

calcium and phobphate uptake in the
chick intestine

PROBLE4

Stress fractures occur with high frequency (up to 1OZ) in troops In
training. We have evaluated in aninals the impact that manipulations
of the essential components of b-one, namely calcium and phosphate, and

one of the principal hormones controlling bone mineral honeostasis,
namely vitamin D, have on bone mineral transport across the intestine.
It is expected tivit such investigations will facilitate understanding,

diagnosis, and treatment of stress fractures.

RESULTS AND DISCUSSION OF RESULTS

because of our recent observations tht 1,25-dihydroxyvitamn D 3

(l,25(Ol),) ) the biologically active uctabolite of vita in D 3.
stimuiatea alcium transport across thc intestine without the need for
de nova protein synthesis, we were enco.teat.ed to examine the e.1fects of

1,25(01)2 D directly on intestinal mitc.nondrin, the subcellular
organelle liost likely to be involved it: calcium (Ca) movement through
the intestinal epithelial cell. Although no substantial differences

in mitochondria from rachitic as opposed to vitamin D-replete animal"
could be demonstrated, we were able to stimlrato calcium uptake by
mitochondrLa with the addition of an little as 25 pvoles/ml of

1,25(O11)2D in vitro. Vitamin D also stimulated calcium uptake, but
at higher 2once.itrations. 1itochondrial calcium uptake wVs inhibited
by ruthenium red. required energy provided by ATP and/or oxidizable

subst ate, and was detected only with a concentration greater than
3x1O H. These results indicate a direct effect of 1,25(OH) 1 on
one means by wtich the intestine Woves calcium across its epttlelium.
and provide further evidence that 1,251(Oh1)2D3 need not exert its
effect of calcium transport by ,vay of protein synthevis.

To characterize the means by which dietary calcium (Ca) and phosphate
(Pi) regulate vitamin D action, we designed a study to which chicks were
fed one of 9 diets varyin, in Ca and Pi but supplemented with 20 ug
vitamin D/kg of diet. We found that the metabolite found in highest
concentrations in tie duodenal mucosa of these animals was nt
1,25(O11)2 0 but 1,24,.25(M D3D3, a metabolite with substantial but lower
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biological activity than 1,25(Oi) V) Like l,25(OH) DI, which was also

found in the intestine in substanfill amounts, this lrihydroxy vitamin
D metabolite was regulated over a 1000-fold range by the dietary content
of Ca and Pi. The levels of calcium binding protein and calcium
transport correlated with the intestinal concentrations of these
metabolites. An optimal diet was noted which permitted maximum growth
increase ad.J bone ash. Clearly, dietary concentrations of Ca and Pi
profoundly affect the general well-being of the organism as well as the
hormonal milieu which regulates bone mineral metabolism.

Since the production of 1.24,25(OH)3D requires hydroxylation of 25OHD
3 .3(tne metab-lite of vitamin 1J iorned in the liver) by two kidney mito-

chondrial enzyzes, the la-hydroxylase and 24-hydroxylase, and since
control of vitmain D metabolista and its subsequent action is centered
on reulation of these two hydroxylases, the ionic control of the 24-
hydroxylase was evaluated. As ior the control of the la-hydroxylase,
the permeant cations calcium and potassium, and the permeant anions,
acetate, phosphate, and bicarbonate, exert profound effects on the

renal mitochondrial 24-nydroxylase. These studies indicate that, at
least, the acute controls of 1- and 24-hydroxylation of vitamin D
metabolites share remarkable similarities.

LO CLUS IONS

1. 1.25(O)?D, directly todulat8 the ability of intestinal mitochondria
to trans port -clIcium.

2. 12425(011)Di ad not I,250h) 2 D may be the principal act've
metabolite of vitimin V3 in the guto? animals raised on normal amounts
of vitamin V.

3. Dietary calcium and pnosphate control the amount of 1,24,25(Oh) D3
an well as 1,25(011).,D in the gut in addItion to controlling CaBP
production and calcIul transport.

4. Calcium atid phosphate acutely control la- and 24-hydroxylase, tile
renal mitociu,,nrial enzymes which produce 1,25(Oil).D 24D2(Oil)2D3,
and 1.24,25(OH) U

3 3*
KACOVICULDAT IONS

The biologic actions of 1,24,25(Oh) I) as well as 1,25(0h1) D should
be explored with continued emphasis oa determiining their Jlcular
mecbsnismsa of action and control of these mechanism by envirommntal
and physiologic factors. Due to lack of funding the project is bain
terminated.

8a
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HUIIE Ai. Pharacokinetics of 1,25 diphydroxyvi ,ain D in plasma aud
gut. (Abstract) Endocrinology (suppl) 102: 31t,, 19783

STUDY NO. 9 The role of vitamin LI in the etiology
and treatment of fractures

PROBLEM

In an effort to understand the reasons why some military personnel seem
predisposed to stress fractures, we have tested vitamin b metabolism in
numan subjects and patients with bone disease. We evaluated thi
physiologic adjustments of these patients during periods of low and high
calcium intake and the response of target tissues to the principal
hormones controlling bone mineral lhomeostasis: parathyroid hormone
(Prii) ani l,--dilhydroxyvitamin D3 (1,25(O1!)2D).
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1. F I

RESULTS AND DISCUSSION OF RESULTS

The study has only recently begun, but several observations have been
made. Certain patients with primary hyperparathyroidism demonstrate
a failure to adapt to a high calcium diet by reducing their intestinal
absorption ot calcium, their renal excretion of phosphate, and heir

Srenal production of cyclic-MIP.

The appropriate binuing proteins, and tracer metabolites to measure
L50)D, 24,15(OU)D, and 1,25(011) 1 in the blood of patients have all
been repared and rdliable standai urves for each assay have been
performed. However, sample preparatiou requir^As equipment which we
have been unable to obtain because of budgetary limitations.

CONCLUSIONS

1. Abnormalities in vitamin D and mineral metabolism can be detected
in patients with known metabclic bone disease by using an approach
that can be applied to individuals with stress fractures.

2. Dietary calcium influences not only hormone production (i.e., fTI
and l,25(OH)2 3) but also hormone action on target tissues.

RECMOMi"DAT IOhS

The study shows prouise and should be supported. Due to lack of
funding, this project is being terminated.

PUBLICATIONS

None
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23. (U) The acutely injured soldier develops negative nitrogen balance and loset muscle
mass through mechanisms which are unknown. One of.the factors which may be involved is
myoglobin. a heme-protein which transports oxygen withln muscle cells. Myoglobln and
its overall metabolic relationships within the muscle cell serve as useful markers in
the study of muscle injury. Injured muscle loses myoglobin into the peripheral circu-
lation where it uav cauqe secondary renal damage for unknown reasons. Failure of myo-
globin to maintain sufficient Intracellular oxygen supply may lead to decreased energy
production, weakness, and failure of mechanisms upon which recovery fron injury depend.
24. (U) Selected aspects of the effects of Injury on muscle will be evaluated. Strate-

gies designed to mini=ize and/or reverse the detrimental effects of injury on muscle
will be determined. The effects of muscle injury on other body system , incluJing the
kidney. will be studied. The relationship between nyoglobin (and its associated reac-
tions in the muscle cell) and inobilization-induced vusele atrophy, exercised-induced
muscle hypertrophy, and recovery from injury will be stisdied,
25. (U) 77 09 - 78 10 Metmyoglobin reductase has been repeatedly purified to a maximum
of 2000-fold, to specific activities in excess of 150,000 U/g protein. The enzyme has
a pH optimum about 6.5, a Km of 5.0 x 10-SM, and is unaffected by the absence of 02.
The molecular weight is about 30,000. Studies comparing the enzyme with cofercial
diaphorlse, and with partially purified bovinee methemoglobin reductase, demonstrate
differences leading us to conclude thp. the auscle et,zyme is a distinct entity. This
work unit was transferred from the foimer Department of Medicine at the time of the

reorganization.
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ABSTRACT

PROJECT NO, 3MI61102BS02 Basic Mechauisms of h~covery from
Injury

WORK UNIT NO. 071 The Metabolic aesponse of Muscle
to Injury, Exercise, and Diet in
Health and Disease

The following Investigation has been conducted under this work unit:

STUDY NO. I Studies concerning the mechanism which controls the
redox state of myoglobin

Previous studies clearly demonstrated the presence of metuyoglobin
Teducing activity in the supernatant of crude muscle homogenate. This
etayoglobin reducing activity has been repeatedly purified maximally

to as much as 2000-fold, and has yielded specific activities in excess
of 150,000 U/g protein. The addition of bovine serum albumin or myo-
globin to the purified enzyme protects the activity of material when
stored at -70C. The enzyme has a ph optiarm about 6.5, a Ka of
5.0 x lO- M. an4 is unaffected by the absence of 02, Sodium dodecyl
sulfate gel electrophoresis revealed a molecular weight around 30,000.
The reactivity of the enzyme is markedly influenced by the composition
of the buffering milieu. Activity is inhibited by sulfhydryl reagents
and quinacrine hydrochloride and stimulated by flavin mononucleotide.
Purified enzyme did not react with lipomide. The properties and
characteristics of the enzyme were different titan those of diaphorase,
but appeared to be similar to those of partially purified methemoglobin
reductase.
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BODY OF REVORT

WORK UNIT NO. 071 The Metabolic Response of Huscle
to Injury, Faercise, and Diet in
Ilealth and Disease

STUDY NO. I Studies concerning the mechanism
which controls the redox state of

myoglobin.

Hemoglobin (Hb) of red blood cells and myoglobin (Hb) of red muscl't
shere a number of properties which include reversible oxygenation to
form oxyJemoglobin (libO * or oxymyoglobin (HbO2 ) ; or irreversible
oxidation to "themoloin (hatib) or uetmyoglobin (hetlb), respectively.
Whether these hem proteins undergo oxygenation or oxidation depends
on a number of factors which are complex and not completely understood.
Under physiological conditions in vivo, only 2 to 3% of hemoglobin In
red blood cells is In the et-fora. Several efficient enzymatic systems
hey• been described which continually reduce etHb, thereby preventing
Its accumulation to any appreciable extent. The enzymes responsible
for this reduction utilize HADH or NADPI, and in some cases require
an electron carrier such as methylene blue for in vitro study. by far
the most active system requires ferrocyanide ion activation.

Much loss attention has been Siven to the possible existence of similar
systems which reduce Methb. Nettb normally Is not thought to be
present in muscle in a-y appreciable quanticy despite the greater
susceptibility of Mb to oxidazion than Hib. It is reasonable to assume
that muscle oust contain a highly active mechanism for 1Het4b reduction;

i otherwise, the continued forma tion of Net~b would go unopposed . The

presence of diaphorases In muscle i oee knoe. Howver, the existence
of a spcific Nst~b reductase, analogous to MetHb reductase activity
in red blood cells, he not bee.n convincingly demonstrated heretofore.
Enzymatic reduction of ?tetlb by KADIi and KADPIi dependent mechanisms

has been shown by other investigators. However, a specific MetIb
reducts" activity was not found. An enzyme which will reduce metmyo-
$1obin has been described in dolphist muscle. Enzyme activity was
demonstrable with either NAD! or NADF1 at pH 7.0 and required the

spresence of methylene blue. How this enzyme differs from diaphorase
is not clear. Presumed enzymatic reducing activity bas also been
demonstrated in both intact and ground meat, but without clarification
of the mechanism. Furthermore, it has been shown that efficient non-
enzymatic MetMb reduction can occur in vitro under suitable circum-
stances. Moreover, isounologic and electrophoretic studies have shov
that ferrocyanide-acti-ated Methb reductase activity was detectable In
several tissues Including muscle.
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lespite the fa ture of past investigators to demonstrate convincingly
zpeciflic ensymatic Hethlb reduction, it scored logical to conclude that
if tMotb reductase exists in red blood cells, an analogous enzyme
for atHb reduction should exist in muscle. Initial studies (discussed
Wu the 1975 Annual Report pp 101-105) demonstrated the presence of
a specific NiADH-dependent wetayoglobin reductase in the soluble
supernatant fraction of homogenized beef heart. The optimm assay
conditions and some of the properties of the enzyme (in the crude
system) were established. The next series of studies and experiments
vere ai&md at purifying the enzymatic reducing activity in the super-
natant fraction of homogenized beef heart.

Muscle function is impaired in wounded soldiers by direct injury
i (trauma, w~scle wounds, excessive exercise) and/or immobiiztion of

limbs and/or bed rest. In order to facilitate healing and to reverse
atrophy of muscle it is important to understand the mechanism involved
in exercise-induced hypertrophy and the imnobilization-inducad atrophy

of muscle. It is postulated that myoglobin is involved in these
eoxercise-dependnt responses of muscle via its function an an intra-

ceLluler carrier of oxygen. Since oxygen also oxidizes myoglobin to
the wet-form it can be logically argued that there must exist a
mechanism for the reduction of etyoglobin. If so, one might expect
also that defects in the metayoglobin reduction system can lead to
exercise-induced injury, diminished hypertrophy of muscle during
exercise, accelerated atrophy during imobilization, and prolonged
recovery after injury.

RESULTS AND DISCUSSION OF RESULTS

Ilatyoglobin reducing activity has been repeatedly purified maximally to
as much as 2000-fold. and yielded *pecific activities in excess of
150,000 U/mg protein. The addition of bovine serun albumin or myoglobin
to the purified enzyme protected the activity of material storeo st
-20C. The enzyme has a pH optimum about 6.5, a Km of 5.0 x 10 ',
and is unaffected by the absence of 02. Sodium dodecyl sulfate Sel
electrophoresis revealed a molecular weight around 30,000. The
reactivity of the enzyme was markedly influenced by the composition
of the buffering milieu. Activity was dependent on the presence of
KiFe(C14) 6 and RADii in the reaction mixture. Activity was inhibited
by p-cbloroercuriphenylsulfonic acid and X-ethylaleimtide. Quinacrine

hydrochloride inhibited activity, vherets flavin mononucleotide
increased activity almost 2-fold. The temperature optima was 37C,
and activity was abolished by heating to 50C. Purified enzyme did
not teact with lipoamide and demnstrated characteristics which clearly
dirtinguish it from diaphorase. bovine erythrocyte methemoglobin
roductase was purified by sialar techniques and compared to the
purified muscle enzyme. These studies demonstrated that the muscle
and red cell enzyme were similar. On acrylaside gel electrophoresis,
however, the two enzymes produced different patterns when stained
for activity which speaks against their being the same.

93

&2



CONCLUSIONS

These studies have demonstrated some of the characteristics of bovine
metayoglobin redurtase which has been purified as much as 2000-fold.
The enzyme represents a distinct entity in muscle which is not
diaphorase or contaminating methemoglobin reductase. Its properties
are in keeping with the conditions of pH and temperature which are
known to exist in exercising muscle. The discovery of this enzyme
and its characterization add a new dimension to ;he consideration
of the role of myoglob_n in muscle function.

RECOMIEiDAT IONS

This is important work and should be continued. However, due to lose
of funding and personnel this work unit is being terminated.

PUBLICATIONS

HAGLER, L., R. I. COPPES, Jr., and R. If. HERMAI. Hetmyoglobin
reductase: Identification of a reduced nicotinamideadeninedinucleotlde-
dependent enzyme from bovine heart which reduces metmyoglobin. Sub-

mitted for publication.
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23. (U) Tine& corporis (body ringworm) '%as produced unacceptable non-effectiveness _
of combat troops in previous military conflicts. This problem may be anticipated with-
in the D + 15-30 time frame of possible future conflicts unless~ adequate preventive
measures are found. Prevention of Infection is the major goal; determining how to
decrease the severity of disease by drug therapy or alte~rations of the micro-environ-
ment will be steps towart that goal.

24. (U) The approach will include studies on (a) the Influen~ce of the local skin
environment and skin condition on the severity of disease, (b) the effectiveness of
different eethods of therapy. (c) factors responsible for decreasing or increasing
the severity of the disease.

25'. (U) 77 10 - 78 09. Wider controlled conditions with ex~perimental infections on
the skin of guinea pigs, the route of fungal invasion was defined for primary infec-

tions and work Is now being completed on defining the route of Invasion during sec-

On the hairy skn of a guinea pig, abrasion is not necessary. Healing of a fungal
lesion is delayed by 3-5 weeks in guinea pigs deficient in folic Acid, but ascorbic
acid deficiency does not influence the rate of healing. The micromethod of assay-
Ing fungal growth was adapted to test the sensitivity of fungi to gris.)fulvin. For
adminstrative reasons, this work unit has been terminated and the research incorpor-
ated within Work Unit No. 067. DA OC 6733.
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ABSTPACT

. PPOJE4T NO. 3M762772A~iO Other Tropical %.edicine

OJE WIT NO. 001 Prevention of Funeal

Infections of the
~Soldier's Skin

The following investigations have been conducted under this

work unit:

STUDY NO. 1 iost-parasite relationships in dermatophyte
infections

EX-1 Fungal infections in puinea pig skin

EX-4 The role of the physical condition of the skin
in determining whether fungal infections develop

EX-5 Initiation of fungal infections on hairless
skin

STUDY NO. 3 Imunology of fungal infections

EX-6 Evaluation of Oct 77 lot of trichophytin

,TtUDY 11O. 4 Effect of vitain deficiencies on the severity
of fungal infections

STUDY 1:0. 1

X-l Studies were completed on the invasion of guinea
pig skin by fungi. These studies showed that funpi invaded through
the hair follicle and then spread out into the stratum luctdum.

ILX-4 Intact guinea pig skin requtres 106 spores to initiate
a fungal Infection. while abraded or occluded skin only rea|uites

to sores to initiate a fungal infection.

V-5 Mien skin is hairless, it is difficult to.inittiate
a funsal infection or, the skin if it is intact. Funral infections
are nora easily initiated en hairless skin when the skin is abraded.

STUD)Y 1'10. 3 Tito last lot of trichophytin antigen prepared In
Oct 1977 was unstable and not suitable for use In atty studlex.

S TDY J, 4 Studios ars L progress to evaluate the effect of
ascorbic acid and folic acid deficiencies on the severity of fungal
infections. Preliminary results show that folic acid Wficiency
delays healing by several weeks and also Interftres with cell-
mediated ivmwnity.

I%



SODY OF RFPO)RT
VOPK MIT NO. 001 Prevention of l'ungal

Infections Pf the foldier's
S'kin

9,lTUDY .110. 1 fioqt-parasite relationships

in derAatnphivte infections

EX-l Fun.al infections in guinea

rroBEpi." in

In the co.bat soldiers' envtornirent, dsnea.e produced tv Trichophvton
• entagrophtes ray increase in severltv and result in epidemic dis-
abling body ringor. ly ricrovisual technirueq, we Investigated
wihen and %-here in the skin the fungus invades. Ve hone to determine
the zunral forms and their exact micro-anatoric phtlw.ivay of invasion
wider various local skin conditions. These patterns mav indicateF inherent strengths or weaknesses of the host and parasite species
as they interact, which nay lead te im proved prophvlactic or
therapeutic reasures or apents.

TrichMphyt%% r.ntagrophyt es invasion of guinea pir skin vas examined
by scanning electron microscopy (S1,). Biopsies were obtained daily
for twelve days from experirental infection siten. nernatophyte
invsion examined in detail by SN' of cross-sectioned, prefixed skin
was evidenced by the appearance of hyphae vtthin the stratur corneur,
follicular invasion by hvphae wici rerained initially within the

~follicle wall, ene-.Fnce of the hyph~e from the wall into the folliculor

canal, proliferation of the ftnpus down the follicle with furrovine of
the follicle wall and hair shaft cuticle, penetration of hyphae
into the hair shaft by subcuticular and transcuticular'route,, and
massive peripilar hyphal proliferation with arthrosworopenestn. A
three-dimensional perception of the invasion senuence of a dermatophytv
In unea pig skin has been obtained 'b SP.. We are nov nroparirip
sectiot . of lesions of secondary fungal infections to detLrnine If they
differ from primary lesions in respect to nroliferatfnn.I aONCLRS ONtS
We have definitely shmn that fungi Invade puinea pig skrin
throulh the hair follicle. Work is nos in pror.ress to detemine

the method of invasion In secondary infections.

REODATM1S

rhe work on secondary lesionn should be completed to determine
the route of Invasion, and to determine the extent and location
of fungal proliferation.
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1. hTTO., 1?.D., .r !, and Y. Y11. Sc nninp electron
atcroqcopy of experirental Trich~olvton v.entnrotvtes

Infections in ruinea rir sLin. Infect lmnun 21: 247-253, 1978

l-. The role of the phv-iicnl
coni.tion of the n!-ih1 in
deter i nri v!ethctr funpal

Infef-ctioni. develop

Ve do not knov if the condition of the skin (norrnl, abraded or
occluded) influences the nur.ber of sporen needed to initiate an
infection.

rVESvLTS AND DTS eSI. M Or PrsII.Ts

Ve infected tiunen pihs oftor of TrLichopvton nt ri tA_
Three different rethods of infection vere corpared. The first
rethod, called occlunion, vn performed 1v placinf spores on
unabraded st in and occluding the site. The second rerhod
of infection consisted of placnr spores on abraded skin
and p.ently rubbinp in the Inoculur.. The third ethod %.as
perforrwd by placinr spores on intact skin and pently rubbinp
in tte inoculur. :e found that funpal infecticns were initiated
vith tO0 spores when the si-in vas occluded or abraded. If
the skin was intact, 1,000,000 sporen were needed to initiate
infections in alrost all anirtals.

lUork is currently benp, completed to deternine if spores can
germinate on the surface of abraded (or occluded) skin and
directly penetrate the stratum corneuw. Ve k nt funpi do not
penetTate the Ptratur corneuin directly if the ukin is intact.

MCLUSIMS

Skin Witch i* occluded or abraded is uch more suqceptible to

fungal infections.

Any effort made to reduce abrasion. ncratching, or occlusion of
soldiers' skin through irproved clothmnr or footwear should help
to reduce funeal infectionn. Thie work on the site of invasion and

areas of proliferation should be corileted. This york should then
he published.
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PUBLTCATIOSt4,

:Tone

-5Iitilation of funsal
infections eit hairleqa nktn

Ve know that on hairy guinea pip skin, occlusion or abrasion
is not neceqsary for Initiatinr an infection. The route of
invasion appears to be the hair follicle. fn hairless skin, such
as Par's or hairless dor's, tie do not L-no' if funri can initiate
an infection on intect skin.

RESLTS AND DISCUSRION: OF T.FSL'LT'

lie placed ten-fold dilutions of fungal spores (fron 1102 to 106

spores on I cr2 ) on the bncks of 3 hairlevs dops at sites where
the skin was either intact or aLbraued. Duplicates were performed
on each aninal. Fungal infections develored in abraded areas of
skin with nil spore doses. Fungal infections did not develop
on intact skin iinle..s 10 snores were used.

COINCLUSI.S

Cm hairless skin of dor'q, abrasion i- essential for initiating
fungal infections t.ith le-i than I05 spores per cr 2 .

PFCO'?IE?DATT (;S

r1educitt abrasion should help eliminate funpal infections in
sodiars. lTese datA should be publishled.

PLLICATIMOS

1:one

STL'iVy Nn. 3 lriunology of fungal
infections

TY-6 Evaluation of Oct 77 lots
of trichor'hvtIn prepared
under Vork Unit 067

YunFal antigen is needed for experitrents in Work Units Onl and
067. A nev lot of fungal antigen was prepared in Oct 1977
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fro- funral rats prensrcd under contra'ct. Thi. lot h,'d to be
evaluated to deterrtne if it unq suttat-le to be uted as a standard

anci en ror tese two wor: units.

RESULTS AND I)TSCUSSION OF PXSULTS

~Trichiophytin lot Oct 77 v'a- tested for its suitability to be

used as a standard antiren. The standard antigen vhould rive
positive responses in infected anrals co the follotn- tents:

(1) skin tests, (2) lyrinpocvte 11astorenesis, and (3) cutaneous

Lasophilic 'iversensitivity. The anUrcn should also Five

neative resnonsen in control anirals to the above tests and
aeditionally qhould not sensitize control anirals.

V'e found that trichophvtin lot ct 77 :ns unstable. After 6
ront.at storare, none of the tests yore ponitive in infected

aninals. lnso, this .antigen sensitized control aniials. Therefore.
t;is lot is unquitable for use.

CA? CLL. T A:.

Trichophyttn lot "ct 77 cannot be used an f standard anti!.en.

UIIO does not hnve standard funral antiren. This antiren

siould !:e ol,tained.

PUBLI CAT IONS

1. GREEN;SERr, J., and U. iEr.r Cutaneous ,,sophilic hyper-

sensitivity response* to funral antigens. Fulmitted for
publ Icat ion.

STUDY NO. 4 rffect of vita.in
deficiencies on the

severity of fungal

infections

rr'JBLV'

4 The influence of vitanins on suscepttllity to or recovery from
fungal Infections is unkn m.m. Ve *ant to kni, whether guinea
piss warrinally deficient in Ascorbic acid or folic acid are

more suscentible to funal infections or reautre a longer

tire to heal than controls. Also, there is not arreepent in

the literature on the effects of this deficiency on the animals'

cell-rediated and antibody responses, or on the level of saturated
transferrin in their blood.
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ESULTS AND DISCUSSI OF RESUL S

Cuitws pig* were fade rerginally defi.lent In ascorlitc or folic
acid. rrelininary resultA shov heain is greatly delayed (by
21-35 days) in animals marginally deficient in foltc acid.
Folic acid deficient aninals also do i ot have normal cell-
nediated responses, but antibody respopses appear nornal.
Work ta currently being done on deterrining the effects of
ascorbic acid deficiency and on analyzing the iron-binding
capacity of the serum.

CONCLP§IO, S

llealiLn Is delayed w'ith marginal deficiencies In, folic acid.

This work should be copleted and published.
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(U) Skin; (U) Frictior,; (U) blisters; (1) ater ux==ers.on; Au -:ara u

23. (C') The objectives a- to develop prophylactic mwea%,:.c- Aainst the &*Sault$ of
neat. hu=idity, friction, itessure, occlusion, water immersion. sweat, and ultraviolet
li~n% alone and In co--'onation on r oldiers' skin. Diseases like friction blisters,

paddy foot. prickly heat ash, athlete's foot. jock itch, skin infections, and sunburn
result in epideacs aong 4oldiers and cause high sorbldi:y. san-days lost, and inter-
fere vlth performance of mission.

24. (U) The natural histnry of the diseases will be studied. Promising prophylactic
and ther %,.!- tma.uros wiil be teste,' in the Iabor'atorv and the field.

25. (U) 7' 10 - 78 09. Ypidemiologic study of friction blisters in recruits of all
-he service% was complete4  1s.&oe recrtits had bigger blisters that occurred earlier
in basi training than in other services. There was no correlation between boot fit
and blister developoent. Blistering was caused by stiffness of new boots, combined
with vigorous running and forced marching. Prellainary studies of use of 10% glutar-
aldehyde solution to reduce foot and ankle blisters revealed mild transiert Irritation
in a few subjects and an allergic contact dermatitis with one soldier. Smple site

* was too low to evaluate efficacy of the procedure. This work unit has been terinated
duo to departure of the investigators and lack of qualified investigators (deruatolo-
;Ists) to dc the research.
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I!'I
AISTRACT

PROJECT NO. I?62782A1O Military Skin Disease

W'ORK UNIT NO. 002 Prevention of Skin Disease
Caused bv Unvironeental
Assaults on Skin

The followinp investip'ations have been conducted under this
work unit:

STUDY NO. 1 Ipidew|olopy of friction blisters in soldiers

STUDY NO. 2 Prevention of friction blisters in soldiers with
gluteraldehyde

STUDY hO. I Data on the natural history of the epideiolo.y of
friction blitiers in recruits of all the services (Arny, Navy, Air
Force, Marines) have been collected and arAlvzed. The Phase V
study in 290 Marine recruits revealed that their blisters had oc-
curred earlier in basic trainlnr (durinR the first 2 weeks) and were
somewhat larger than in recruits of the other services. In Phase
VI, the fet of 213 recruits vere .ensured for correct hoot fit and
the fit was considered rood in 87, of the canen. There was no
cerrelation between improper boot fit and developinp friction
blisters. The culprits rroducin,- blisters in recruits are stiff
new boots, vigorous runntnp, and forced marchinr.

STUDY NO. 2 We received approvAl (froe the Fedceral Drur Ad inis-
tration) of our invepaletional new drur (1111)) naplic:ition to
deterine the efficacy of a glutera1dehyde solution as an aent to
reduce the incidence of foot and ani.e b |iters in recruits in basic
combat traininr. In the study, the 10T ,luternldehvde solution wilJl
le applied one tine daily, 5 days a week, for 5 weeks. A preliminary
clinical trial (Phase I) wan conducted for a period of 8 weeks to
support the applicntion. Twelve normal healthy volunteers partici-
pated. Mild transient irritation occurred in a few su4,jecLs; on
one soldier, an allergic contact derr-atitiA was produced by the
third week on the thin skin of the anVles. The nylon ohair-top
plntic applicator tested in Phase I will be used in the efficacy
study (Phase II) which will herin when a phystcian-investirator
becomes available.

103

_2 _



BODY OF REPORT

WORK UNIT NO. 002 Prevention of Skin Disease
Caused by Environmental Assaults
on Skin

STUDY NO. 1 Epidemiology of friction
blisters in soldiers

PROBLE'

Friction blister3 cause high rates of disability in the military,
especially among recruits in training and amonp seasoned troops
suddenly mobilized to stressful environments of sustained operations.

Friction blisters may render large numbers of solciers unfit for
service rapidly; thus the effective force will be diminished ever
at the beginning of the campaign. As aany as 25 to 30: of troops
may sustains Injury to the feet durlnp the firet fev. days of forced

marching. Itvelopment of a Prophylaxis for friction blisters has a
high priority in the recentiy published SrM.-78. Blisters must be
prevented early (day 15) to permit treater strategic mobility

and improve troop performance in the etressf tl environment of
sustained operations.

RESULTS AND DISCUSSION OF PESULTS

The complete results of this 6-phase study have been analyzed.
In the FY 77 annual progress report (pages 142-243) results on
Phases I, II and III were reported.

In rhase IV we studied 105 recruits who were ho.ptalited with
friction blister related cellulitis at Fort Leonard Wood. We
found that 89Z yere hospitaliged durinp ths first 5 weeks of
training. The median number of days hospitalized were 3.3
days. Retrospective study of hospital records rtveanod that
4O recruits/lOOO/year were hospitalIzed for infwacte4 blisters.
Thus, friction btister related ce)lulttis is second otily to acute
respiratory disease as a cause for hompitalixation in basic combat
training. This proved true In the Army, Nuvy Air Force, and

Marine Corps basic traininp center%.

Phase V was a prospective podiatry clinic etdy of 290 artnes. We
found that 81Z of the blixtert occurred during the first I weeks
of training. B.Sic training in Marines In -mre vigorous than the
other services. W1ltt's occur earlier, are somewhat larger, anl
are more likely to becoe infected in the Marine recrult3 than other
recruits, perhaps because )f the more intensive tratnig. In a
collaborative study from rort Leonard Wood, the "avy ad Marine
Recruit Training Cetnter San lego. and Lackland Air Force ,**, up
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observed that, of all recruits hospttalized for blisters and compli-
cations, 88% were hospitalized during the first S weeks of basic
training. Friction blisters and associated cellulitis usually occurred
early with forced marching during the second and third weeks of basic
training. Severe frictional stress of a forced march in a new stiff[boot is probably related to friction blisters. Apparently, after 5
veotks, the boots are sufficiently broken in and sufficient callus has
foimed on the soldiers' feet to make severe blisters unlikely. Marines
developed blisters in the first and second weeks, whereas the Army,
N avy, and Air Force recruits tended to get blisters in the second
to fourth weeks. If some agent. such as glutaraldehyde, can protect
the soldiers for the first 5 weeks and allow the foot to toughen while
the boro"s at: heing 5iroken in, recruits probably will have fever blis-
ters during the rest of basic training. Of 202 recruits with cellu-

litis, only 3 (1.52) were black. Since black soldiers comprise more
than 1.5% in all services, our oSservation suggests that black
soldiers may have other protective factors preventing them from getting
severe blisters, such as the stratup corneu, which in blacks is more
compact and more resistant to frictional stress.

In the Phase VI study, we measured the size of both feet in 213
recruits to evaluat, the association of Improper boot fit and foot
size as a cause of friction blisters. The boot fit was considered
"good" in 87% of the group. There was no correlation between Improper
boot fit and friction blisters. The myth the. "soldiers are not
fitted properly with boots, and this is a major cause of friction
blisters" can be put to rest. The causes of frictiou blisters appeared
to be early forced marches and stiff new boots on the feet of recruits
who did not have sufficient callus to protect them from blistering.

CONCLUSIONS

Friction blisters of the feet and blister-related cellulitis are
second only to acute respiratory disease as medical problems in basic
combat training in the peace-time army. History documents the
magnitude of the Impact of friction blisters in military operations.
At least 60% of recruits develop blisters; 400/1000/year report for
treatment and 40/1000/year are hospitaliced for a men of 3.3 days.
Blisters in recruits cost DoD 1.46 million dollars in 1976. Black
recruits develop fewer blicters than white re:rulits. Marine recruits
have larger blisters that occur earlier in their training than the
blisters recruits in the other services have on their feet. flow
stiff boots, vigorous running, and forced marching in weeks 1, 2, and
3 seem to cause the mot difficulty. After week S of training. few
blisters form; the boots are broken in and protective calluses on
he feet have formed. We discovered only a small percentage (±132)

of poorly fitting boots. There was no correlation betwee improper
boot fit and developmet of friction blisters. blisters aromd the
herl, the Achilles tendon, and the front of the sakle are the oNe
ttst readily become infected.
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Rr.COMtTIMNS

The boots rhould be broken in either mechanically and/or chemically
before issue. The basic combat training schedule should be rodified
to permit a slower and more gradval increase in physical stress through
the fifth week. opical protective ar"nt- th'.,ld he developed to
lessen the frictional forces on h, off the foot and ankle.
Redesin of the combat beot in the -'tel counce, and lace area over
the anterior ankle should be cons .r.

PUBLICATIONS

None

STUDY NO. 2 Frevention of friction blisters
in soldiers with gluteraldehyde

IROBLEF

Friction blisters and friction blister-related cellulitis are well
documented military medical problems. Friction blisters are prevalent
among recruits of all services. If the primary causes of friction
blisters are from stiff, new boots and early forced marchinf,, then
a preventive measure, which toughens the skin while the boots are
being broken in and while the recruits are developing calluses, would
be a genuine asset to military reainess. 7or these reasons, we
looked at ,luteraldehyde, a tanninr spent with strong antimicrobial
activity. Topical application of pluteraldehyde decreases sweat
formation, which, in turn, reduces the coefficient of friction.
Gluteraldehyde has been effective ii friction blister prophylaxis
in controlled testing.

RESULTS AND DISCUSSION OF RESULTS

Glutpraldehyde does not produce cross-sensitivity to formaldehyde.
Cluteraldehyde penetrates the human stratum corneur in vitro poorly
because it binds avidly to the horny layar. Even in patients highly
allergic to Cluteraldehyde, Akin reactions do not occur when it is
placed on the thick strats corneum of the palm or sole.

In the Phase I clinical trial for skin irritation and sensitiation
to support the approved investigational now dru application (M)0),
gluteraldehyde (CLAD) was applied unoccluded to the posterior ankle
and heel and the anterior ankle of 12 volunteers daily for 3 weeks,
then 3 times a day for 5 weeks. Eleven of the 12 subjects had no
reaction except for a few with transicrt, minimal lrritatioM. One
esbjct did devlop a contact alleotgy to CLAD. &ld this was limited
to the thin skin of the ankles. In future studies, CLAD will be
applied to the thicker skin of the posterior heel and ankle and
the medial and lateral heel. The degree of Gtuniug ( a yellowish
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brown color) varied greatly. All subjects commented on the lack of
sweating and on a slipperiness of the skin ef the treated greas. No
one rubbed a blister in the treated area, although some engaged in
team sports during the study.

The optimal concentration and the optiral frequency of application
of GLAD to reduce the incidence of blisters have not been determined.
We suspect that 10% CL solution applied 3 ties a week for 5 weeks
may suffice, since that dosage works in patients with epidermo!ysis
bullosa. A 60 ml polypropylene applicator bottle with a nylon mohair
top with flow valve, worked nicely to give a controlled amount rapidly
on a limited area. Sufficient toxicological data wer- obtained from
the manufacturers and the literature to support the IND.

The efficacy sttdy (Phase 11) was approved for application 5 days
a week for 5 weeks, in 4 companies of recruits at Fort Leonard Wood.

CONCLUSIONS

One of 12 volunteers developed a contact sensitization on the
thin skin of the ankle, but not on the thicker areas of the heUl
during 3 weeks of daily application. Only mild transient irtitation
occurred in several other subjects during the 8 weeks. In reported
studies in over 700 patients usin topical gluteraldehyde frequently,
no cases of allergic contact dermatitis were reported. A nylon
mohair top and plasttt *pplicator bottle perforped mosat satisfactorily.
and should perform nicely Ln larger trials.

RECOPENDATIOI4S

Phase I clinical trials of 102 GLAD solution applied once daily,
5 days a week for 5 weeks to the posterior ankle and heel and to the
lateral and medial heel should be performed. Tf the results are
encouraging, Phase III clinical trials in 2 battalions of recruits
(1800-2000 subjects) should be done.

PUBLICATIONS

None
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3). (U) The objectives are to discover a long-lasting vate r and abrasion resistanttopical repellent formulation that will protect solders against alarfa-bearin r
rosquitoes and other vectors of militarily important diseases; to develop in vitro est

Iaethods to determine physical properties of repellent forulations rhich are 1ested in
the in vivo screening program. and by correlating the In vitro and In vivo test resultstto predict evaporation. penetration, and repellent-skin interactions hic .ill aid in

designing new repellents.

24. (U) Physical properties and efficacy of repellents and formlctions ill be detr-mined by partition coefficient, relative solubility, volatility, surface activity, and

duration an ninals and man. With the use of a computer base,for staistirs"' Auwalye8of repellent test results, Individual characteristics which can be enhanc.d to promote
longer duration of repellent protection will be determined.

2o. (U) 77 10 - 78 09. Eight known insect repellents tested for duration on the hir-
less dog yielded data comparable to anelagous test results in human volunteers. A total
of 9 n w candidate repellent chemicals and 30 repellent forulations ere screened for

duration on the hairless dog. based in part on this data. two repellent chemicals ere
selected for advanced testing. A computer data management sy'stem for the hairless dogtest data and a computer system for relating individual volunteer charcterlstics end
physical properties of repellents to repellent efficaco have been designed and are near
completion. eap and thin layer chromatographic ethods have been developed for qualita-
tive and quantitative assay of repellents.

longer drtn ofep.len pr wt ..will be dt
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AISTACT

PROJECT NO. 3N762772A810 Military Skin Diseases

WORK UNIT NO. 003 lore Effective Topical
Repellents Against Disease
Beering Hosqu.toes

rhe folloving Investigations have been conducted under this
work unit:

STUDY NO. 1 fMosquito repellent data management systems

STUDY .O. 2 Further testing of the hairless dog as an
animal codel for repellent studies

STUDY NO. 3 Evaluation of candidate repellents and
repellent formulations

STUDY NO. 1 Effort is directed for the development of ECLIPSE
C300 based tuputer data systems for the management of mosquito
repellent data derived from animals and volunteers.

STUDY NO. 2 Additional tests were performed on the hattless
do$ and man to support the use of the hairless dog as an animal
model in repellent studien.

STUDY NO. 3 The results of testing new repellent chemicals and
fornulationr - th- hair'ess do% show that two compounds are
candidate repelents for human volunteer testing.
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1'ORK MIT NO. 003 :'ore Effective Topical
Repellents ACainst Disease
r earinr !I onquitoeR

ST",)Y :NO. 1 "osquito repellent data

S~management systes
I PPOBLI '

At the end of FY78, the IDepartr-ent of Dermatolo'v Tesearch has
on record the results of approximately 250 separate repellent
tests involving 275 different volunteers, in which 130 different
repellent chemicals or formulations were evaluated. Also, 90 separate
tests with 50 d:*.: rent repellents or formulatlons are on record
for our animal model (hairless dog) testing. Data have been col-
lected for the physical propertie of repellents, Individual
volunteer and ;*m'm.1 characteristics, and Inforation on test
conditions. :nagermnt and statistical analyqis of these data
require cooputer management systems. In the past, a portion of
the human test data had been loaded into a Remote File tfanagement
System (RF7IS) at Lawrence Berkeley Laboratory (LBL); however,
this system lacks several important programmed capabilities;
i.e., data editing durinp data entry, sort capability, real tine
sharing and interactive processing at LML. Although RFIS can
provide effective retrieval, the system has l.imited .ati.tica!
options. No provisions were made for the management of animal
test data.

PSUTS AND DISCUSSION OF RESULTS

Ouman test data. The design of an ECLIPSE C300 based system to
manage mosquito repellent human test data was completed in cooperation
with the Department of Information Science. This system allows for
mnagement of time-dependent and -independent volunteer characteristice,
repellent physical-chemical characteristics, text condition inforration,
ad repiellent test results. With the recent Implementation by the
Department of Information Sciences of the PTNITAB interactive peneral
statiatical program n the LAIR central mnicomputer, local processing

is preferred to allow greater user control over date entry, maintenance
and analysis. The task of unloadinr the existing WQFM test data to
Statistical Package for Social Sciences for statistical analysis at
LBL no longer exists. Instead, programs are under development to
unload the data base to the LAIR ECLIPSE C300 minicomputer.

The design and prograrmin$ of a repellent code and formulation
specification dictionary has been accomplishe for the purpose
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of the human repellent management system. This allows the user
short descriptive designations for test substances as voll an
ready access to directions for preparing formulations.

The entire dota set in RPS has been manually checked against
laborntory nctabooks to assure correct tran3cription, and all tests
have peen ordered, coded, and sequenced in preparation for theECLIPBE C300 based system.

Ani!a# test data. The design of an ECLIPSE C300 based system
to manage repellent test data from our hairless dog animal model
has been accomplished. The system manages animal. characteristic%,
test conditions, repellent efficacy data and physical properties
of candidate repellents. User control over data entry, maintert-
ancs have been stressed. Interface with generalized
software statistical packages has been designed.

In addressing the problem of creating a data btse for the dog
data base, several goals were identified, and these goals are
enumerated below:

*Develop a program to read essential inforvation concerniag
repellent tests into files, and creation of appropriate files

.Develop a program capable of reading these files, and
reporting the contents of those files

ODevelop a progra capable of indexing these files

&Create a separate file for storage of index parameters

ODevelop a program capable of storing new parameters
for inclusion in the data base

*Develop a program to calculate values from within the date
base, the resultant new values to be included in the data bos.

*Develop a program which will merge all previously created
files into a single unified file

eCreate such a single unified file

*Develop a program which has the capability of reading
such a file and reporting its contents

* Develop programs to sort through the unified file and tabulate
specified data in a temporary file to be used for statistiokl

11lu
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-Develop programs to perform specific statistical co.putations

on data in temporary files

The lirst nine goals have teen completed, and the majoritv of the

test data has been entered into the system.

The data systems for animal and humaen repellent test data will

provide an accurate historical file for future investigators,

allow ready access and interaction by the uqer, and provide needed

statistical options.

W/ork on both data management systems should continue with completion

in FV 79. Statistical analysis of the aniral model data is required

for decisions concerning which repellents st'ould be advanced for

toxi4ity and human testinr. Advanced statistical analysi of hwmam

test efficacy data, individual characteristics, and repellent phvsical

properties will identify exploitable factors for the design of better

ineat repellents.

PUILCATIOMS

I. SPENC.Tt, T.S., K.L. ZELLER, V.A. AKERS, and W.H. LN!CLEY. Data

storage and retrieval system for a eosquito repellent test programt.

Interim Report, June 1977. San Francisco, California: Letterman

Army Research Institute. (Subritted for publication)

STUDY No. 2 Further testing of the
hairless dog as an animal

model for repellent studieF

The q*evlopsent of mo:o effective mosquito repellents presently
requires the screening of large numbers of cor-pounds. Since
testing on hurans requires extensive toxicity tests of candidate

corpounds, in vitro and anival teqts are necessary to select only
the most prorising corpounds for testing on hunans. In partic-

ular, an aninal model is needed which can screen rapidly the

duration of effectiveness of ne. repellents. The ruinee pig

is useful for repellent protection tire determination;
howr, the animal has to be shad and restrained during. the

test period. Mecause of the size (four repelents ca be tasted
simultaneously), ecoo of hanaintr, and lack of hair, thi hairless
dog was investigated as an anmral model for determination of

mosquito retpellent efficacy in FY 77. Further tests were perforrpd

in FT 78 co compare tme efficacy of repellents in man and dog.
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RESLUTS .0D DISCUS.ION or rESVLTS

1%'o rmior types of tests were conducted with the doF. One was the
iniral effective dose (MED) test, or the mninal amount of repel-Y! lent needed to repel rioiquitoes. Thwe second test conducted was

the dry protection tire (D1T) test, which is a reasure of repellent
duration. Anala-ous tests were performed with human volunteers.
Tenting procedures used are dcuer nted i tlie LAIR annual prore s
report rY 77.

tight different mosquito repellents were tented fnr duration in
~the hairless dot and van. 1Pith the exception of .MU-6, the dor's

rank.ed the repellents in the same order 'as ran. At a dosage level
of 0.32 rvIcrA. the repellent DPT (in hours) in hairless dog versus
man W}ean DPT +S.D., '.:a number of replicates) for the f ollowi'ng

repellents were: Indalonep: 0.69 + 0.54 (16) vs 2.2 + 1.8 (8);
carbaride: 1.0 + 0.75 (40) vs 2.1 +-'1.7 (23); dtmethyl'hthal.nte:
2.7 + 1,6 (16) vs 2.2 9 + 0.9 (8); ethvlhexanediol: 3.3 + 2.3
(24) vs 3.6 + 1.2 (40): "SRI-6: 4.7 + 3.1 (72) vs 2.5 + 2.4 (23);
and sulfonaide 8.3 + 4.3 vs 7.9 + 4.4 (23).

!any factors affect the duration of renellent protection, but one that
was found -ost Ir-portant was the 4:D. VE, te'ts were done on
5 compounds in both harless dogs and i-an. The M.D (mg/cm2 ) in
the hairless doF vs man (mean !'ED + S.D., N- number of replicates)
for the followinp repellents were sulfon+mide: 0.024 ± 0.022 (24)
vs 0.036 + 0.06 (15); v-deet: 0.066 + 0.047 (24) vs 0.026 + 0.02
(24); ethylhexantdiol: 0.065 .3 0.021 (7) vs 0.046 + 0.028 (16); S11I-
6: 0.12 + 0.08 (24) vs 0.064 ; 0.06 (24); and carbamide: 0.61 + 0.18
(24) vs 0.16 + 0.06 (24). both the dog and man ranked the repellents
similarly, and it can be seen that, generallv, compounds with lover.M Ds last lonrer.

As a variation of the usual DPT mtethod, we applied repellents at
staggered pretreatment intervals (4 dogs per interval) ta dogs
and tested all of the animals (one-time challenge) with mosquitoes
at the .,nd of the test day. Sulfonamide provided at least
75% protection in each of the four test groups, whereas
m-deet provided eauivalen: protection only through the 4.5-
hour period. SRI-6 appears to provide borderline protection
after the 2.5-hour pietreatrent interval and carbamide, at
a dose of 0.32 ap/cma, provides no useful protection throughout

the entire test period. These results are in agreement with the
duration test results reported above.

CI4LUSItNS

The hairless dop is a food model for insect repellent studies.
The aniral ranks repellentc similarly to man in both MED
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and duration tests (linear regression analysts of Dog DPT vs Human
DPT reveals a coretlat on coefficient, r w 0.91). Percutaneous
absorption studies vith radtolabeled repellents suggest the permeability
of the dog's skin does not differ markedly from man (Study No. 1,
Work Unit 066). The hairlessness, ease of handling, and large size
of the dog allow rapid screening of simple repellents and formulations.

RECO"(ENMATTONS

The hairless dog should be used as an sanmal model for the routine
screening of simple repellents and forseltlons of repellents.

PUBLICATIONS

1. W LL, J.A.. P.B. ROBINSON, D.L. ?.cVrY, V.A. AKERS and F.C. RElTERRAWI.
Evaluation of mosquito repellents on the hairless dop. (Submitted
for publication)

STUDY NO. 3 Evaluation of candidate
repellents and repellent
formulations

PORL_,EM

Duration testing in animals is required for new candidate repellents
synthesized on contract and for formulations of existing repellents
developed in-house against mosquitoes. Toxicological evaluatzon
of new candidate repellents is required before human testing can
be acceplished. Development of in vitro methods to screen fcrmulattor
before evaluation against mosquitoes ts required.

?F.S11,TS AND DISCUSSION OF RESLULTS

*Duration testing in the hairless dog for new simple repelleats

and toxicological testing of repellents.

Eight candidate repellents, 835-29C, 835-27C, $35-25 165-7.A

835-23A, 835-19C. 835-17A, and 835-9A were synthesized by Stanford
Research Institute (SRI). These compounds were part of a larger
group of compounds sent to USDA Calnesville Laboratories for clotb
tests. These eight compounds selected from the larger group had greater
duration on cloth tests than did m-deet. Approximate lethal dose
determination and rabbit eye and skin irritancy tests were condu ted
on these compounds by SRI. Based on these tests, one compound (835-27q)
was held back from consideration for volunteer tests pending additional
information derived from its homologs.

Based on the hairless dog tests for duration, compound 165-67
provided the longest duration time among the group of 8 single r*1e-"
lents, albeit, shorter than m.deet; however, 165-67 provided greater



duration than m-d er (0 days vs 6, davs) in tU S, cloth tests And ?reater
duration thtan r dret on the rouse test oerformed bv Yr. Putledre, fle-
partrent of Trooical ,ledicine. TATR. Apain, based on the hairless dop
duration test. corpound P35-?Ih was the poorest performer and provided
shorter duration than r-cdeet in the i.ouse test for duration (Department
of Tropical Medicine): however. q15-23A had a duration of 3n days on
the USDA cloth test (m-deet 6) and provided lower median effective

doses against Aedc. aei'vrt . Culx pitPenn . Anopheles albtmanus, and
Anonheles stenhenst moqnitntes In tests conducted by Mr. Rutledpe.
Since these conpounds represent two distinct structural classes
and have exhibited performance superior to m-deet in at least one
type of screenitnp rocedure, it was decided to advance these two
compounds for human testim. An Ames t,.st for nutagenicity was performed
onall of the M compounds (under the direction of Dr. Steven Taylor,
Department of Nutrition, LAIP). All of the compounds ( includitp m-deet)
were negative in this test. lArrer niuantities of the compounds, 835-23A
and I65-f7. are heinp synthesized for additional marmalian toxicity

tests (ID50. rat: subacute feedinr. rat; and puinea nip sensitization
tests) before volunteer testinp is considered.

*Repellent formulation testinr on the hairless dor.

The roal of the repellet-t formulption endeavors conducted under this
work unit Is to Incorporate toxicologically acceptable additives with
established insect repellents to Imnrove their nerformance- that In,
reduce penetration into the nIin limit excessive evaporation. improve
water wash reqistance. improve user or cosmetic accentability etc.
The formulatton,. whose test result. apainst frosrultoes are nresented
below Incornorate additiven (variouq tvnes of CARROSIT and silicone
polvmers, mainlv) which have bern found uiteful in waterproofinp
various tonical preparations.

With the develonrment of the apparatus described in Study No. 2,

Work Unit 0fF. for the measurerent of repellent evaporation and pene-
tration from excised Tkin, in vitro, as ,ell as from in vitro procedures
under development to evaluate the dryinp time, fllm thtcness, film
hardness (flexibility). and roslitance to water vas, off of formulations,
the rational elimination of unaccentable formulations can be accomplished
in the future before tire-crnstn ping nni al and human testinr is done.

eTesting of CAPlOIS!T formulation. on the hairless dog against Aedes

are ti mosoultoes.

Six different forulations of m-deet in combination with various
CARECSET polymers (r-526, C-)25. C-S1i, and C-115) at repellent dnsage
levels of .5 and n.3? rg/cm were tested on the hairless dor model
for duration of protection apainst Aed-.. f epti mo.nuitoes. leone of
the CARfSrTT-tvpe formulations with i--deet decreased the duration of
m-deet. One forrilatton (fARP-eFT 515), baned on the results of two
separate tests, showed lonp.er duration than other types of forrulations
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and unformulated a-deet. Tests were conducted on m-deet/CAR8OS!T-
type formulations for a preliminary assessment of cosmetic properties.
Component ratios of C4RDOSET 526 to deet (ma..tatnin the dose of re-
pellent at 0.32 rag/cr,) higher than 1:1 crack and peel from the surface,
and are likely to be cosmetically unacceptable to humans.

eTesttr of silicone formulations on the hairless dog against
* Aedes &eLr i.p mosquitoes.

Eleven different formulations of mi-deet. p-deet, and ethyihexanediol
in combination with various silicone polymers (MDX 4-4142, 0P-1-3593A,
Dow Corning 2M0 flyid. 350 cs and IO0 cs) at repellent dosage levels of
0.5 and 0.12 r4V/cm were tested on the hairless dog model for duration
protection sRpalst Aedes AejL j mosquitoes. None of these formulations
increased the protection time of the repellents; however, the silicone
formulations may provide in.reased wash resistance of the repellent,
a factor to be addressed in ;? 79.

, Miscellaneous formulations.

Six different formulations of the repellents m-deet, ethylhexandediol
and SRI-, in combination with a latex and 2a fluorocarbon formulation
at a repellent dosage level of 0.32 m/cm were tested for a duration
of procection on the hairless dog. The latex formulations had uneccept-
ably long drying times. None of the abov formulations provid*d In-
provement over unformulated a-deet with regard to duration for protection.

1. On the basis of animal and in vitro repellency tests conducted
by the Deptrtments of Tropical 14edicine and Dermatology Research, USDA
cloth tests, and emergingtoxicity teats, two candidate repellents are
being advanced for human testing.

2. A variety of CARWIET and silicone polymer formulations of a-deet
and other insect repellents were tested for durntion on the hMirless
dog. With the possible exception of the v-deetiCARDOSET 515 formulation,
all formulation* provided duration protection equal to or less than
unformlated m-deet.

CA~N INDAINS

1. 10mealian toxicity tests for compounds 165-67 and 835-23A should
proceed to allow volunteer testing,

2. Dvelopuent of in vitro screning methodology for formulatio, ,
so that cometically unacceptable formulationa can be eliminated early
to the testing sequence, should be accompltshed.

3. The hairless dog is a useful anitr1 for screeizig the repellent
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repellent effsCaCv of formulations following suitable in vitroI' screening procedures.

P'RI.TCATIONS

None
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3. () ?4 ne f the &Iliad irves in Wcrld War NI correctly~ a,,,t1pated the large
mount Of disability caused by skin diseases. 20 years 1.tter, in Vletn~r., extrtesley

high rates of disability due to skin diseases focnsed comand Attention to derstologi-
c3l problem3. The probability for high racec of disability due to ikin disease is just

as high today as then. because the basic problems undqrl-vang combat related skitn diseases
have not been solved. nor are they studied by University researchers-

It Is the purpose of this vrk unit to use blochealeal, biophysical and other
appropriate methods to develop effective preventiv# veassurer to reduce skito dipeaso in
soldiers tinder czobot conditions.

24. (U) The project will focus on miurfac* aspects of skin elseaseg. Effcrts will beI made (1) to develop or improve biochemical and bic-physlcal nethods, (2) to apply the
methods to the study of bacterial and/or fungal infection and to catises of casualties
such as trench foot or miliaria (which. by themse~lves. ray not be incapacitating, but
a be predisposiug to infections and other skin diseases) , and (2) to apply the evolved
techniq4&s to influentce the retention and/or efficacy of insecrt re~llents.

25. (U) 77 10 - 78 09. Work on the biological activity of skin. lipias in relation to
fungal di*seas. continued, At. elactroraic cell counting techniqtj was perfected and
ant*.fungal agents such as eiconasole, and skirt lipid andecylanit acid Vera tested.
Sodium tholoride and urea at cencentrations comparable to those on the skin surface were
found to inhibit growth of Teicoph:on nonpr:oph4 o. Epiden iolo ical aspets of
fungal di asae in relastion to potntial ailitarv dermatolugical protlemu in Europe 411d
other countries were studied and It is suggestcrd thAt the dermatcpathogenicity 04 A
n umber of fungi should be studied. For adminiltrAtive reasons, this vork unit "as been

nd Uhe researc -Incorporated within Work Unit N. 006.
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ABSTRACT

PROJCT NO. 3K162172A81O Military Skin Diseo..

WORK UtIT NO. 004 Biochemical Studies on frevention
and Control of i3kin Disem is
Military Personnel

The following investigations have been conducted under this work unit:

STUDY NO. 1 Biological activity of human skin lipids in relatiob
to fungal disease

EX-2 Inhibitfi.n of Trichophvton mentarronhyte, by
chloride ions. An ancillary finding
relevant to sk iinfecttr a in Vietnar

EX-3 Influepce of urea on the growh of Trichophyt

Trchphto'mentr ytes.

EX- - Application of the electronic cell counting
rethod to the testin of antifual a nts and
s inskin lpid

TUDY NO. 3 Dermatological problems of the soldier durin
World War In a documented in confiscated Gerean
locmnts

S7t1DY NO. 4 Epidemiological aspects of fungal disease In

relation to potential asltary dermatological prob
lems in Europe and other countriee

SJDY NO. 1, EX-2 Sodium chloride at concentrations likely to be
found on the skin cenpletely inhibits T richrhyo .entgr hte.

STUDY NO. 1, EX-3 Ure& within the rang.e of concent~raztions likely
to be found on the akint either can sti-ulste or completeiv inhibit

STUDY NO. 1, EX-4 Conditions to recog.nize artifacts and to count
and size spores of Tr hvton montagronhvrtm. have been worked
out. The new xethod has been applied to a detailed xtudy of the
kinetica of growth uf control cult.ures and cultuares In the presence .
of miconotole, griseofulvin, undecylantc scid an6 skin lipid.

STUDY PA. 3 Confiscated documents (s total of 9,672 pages) from the ;

"(;ermn Oberkorindo der Vehroacht" from Werld w/ar It were scanned for rel-
avant Information on such topics as dermatology, eheatccil i varo,
and repellant*s to *kin inwacta. Over 500x psge* have bean ideutJ-i]ed
for further evaluation,
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STUDY NO. 4 A zoophilic variety of Trichophyton .mentarophytes, a
strain not ordinarily isolated in the United States, caused epidemic
inflamsatory dermatos is in Vietnam. It in likely that some of the
fungal pathopens now isolated in Eastern and Central Europe may cause
siGnificant problems In troops in a potential future conflict.

It is reconmended that lessons learned in Study No. 3 and Study
No. 4 lie used to design and test preventive strategies for the
benefit of corbat troops.
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'Or- O:IT '1O. 094 I'ioc'herical .tudien on Preven-
tion ftod Control of Skin Nisease
in "lii tary rersonnel

S'IUDY NO. I BiolorIcal activitv of hurian

ru'in li.ids in relatlon to fun-
ral ditsease

F -2 Tnhibition of Tr4chonhvton rents-
rron'hytes by chloride Ions. An
interetinn ancillarv, finding
relevant to 91.1n Infections in
Vietnar.

PROBLM1:

In preliminary studies in IY 77, ti'o different rediA r're used to
grow ; rtchqothvton mentarrophytes. It was noted that sipnificant
arounts of acid. in particular, hydrochloric, vere needed to adjust

the pit of the tedium to 6.5. The data suppested that chloride ions
milrht Inhibit FermInation of sports or developrent of lowphae.
If thiz inhibition of funpal grovth due to chloride cciid be nuhstan-
tinted, an explanation for & puj:zltnr and costly prohler vhich occurred

during the Vietnam var, might be found. That is. in 1967 and 1968,
cobat coe anders reported a larre number of ren unavailable for
duty after they had spent extenqive periods of tt'e ftihttnp in Inundated
areas. It was noted that a marked difference in the prevalence
and severity of cutaneoun Infections existed beteen covbat and
auppoct troops. The probler v'as partially corrected, but not prevented,
by issuinp regulation 40-29, which reads in part:

"rreventive measure: I.i.itn,' the duration of operation in watery
terrain. The tactical situation pemittinr, a 48 hr lItrt should be
placed on operations involvinp continuous exposure to water. If this

is not possible, casualties fror funrum infection Pay be disabled for
2 or more days after a five-dav operation."

These continued observations lend to the teattn of the hvonthesis
that dhlortde concentrations on the s)in surface are not sufficiently
high to inhibit dermatorhyteR to gro,.

RESUL AND DISSSIO OF RE~M S

The hypothesis that chlorides inhibit prowth of detwatoph:-tes vas
tested in vitro. Spores of T. wmntaarophyte. depoolted on the
surface of purified spar containing mainly bacteriolo ical peptones
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and 0.5 mg/ml sodium chloride, produce well-defined colonies. Vith
increasing concentrations of sodium chloride, fever and fewer colon-
is were formed. At 7.5 mg/ml a significant reduction in the num-
ber of colonies, as well as a reduction in the diameter of indiv-
idual colonies was observed. Above 24 mg/ml, no colonies were
formed, even after extended periods of tine. The chloride effect
was reproducible.

Under conditions of profuse sweating, the sodiun chloride concentra-
tion ranges from 2 mg/ml to 6 mg/ml. Nowever, due to evaporation of
water, the concentration at the skin surface should be considerably
higher. It is, thus, quite likely that the sodium chloride concen-
tration on the skin surface of support troops in Vietnam was high
enough to prevent dermatophytosis. The concentration on the skin
surface of combat troops was obviously loI because of constant contact
with water over large areas of the body.

CONCLUSIONS

Sodium chloride in low concentrations (0.752) partially inhibits,
in higher concentrations (2.5b) completely inhibits, T. mentagrophytes.
This observation may explain, in part, the relative low incidence
of dermatophytosis in support troops and the high incidence
of dermatophytosis in combat troops in Vietnam.

RECOt.NDATIONS

The in vitro finding that rather low concentrations of sodium
chloride are able to inhibit T. mentagrophyLes should be tested
in a suitable animal, such as a mini-pig.

PUBLICATIONS

None

EX-3 Influence of urea on the
growth of Trcholhyton
mentalrophytex

Severity of dermatophytosis in combat troops in Vietnam was associated
with prolonged exposure of the skin of soldiers to water. It was
suggested that heat and humidity were not the only important
environmental factors contributing to the epidemic, The reasons
for the epidemic have not been explained satisfactorily, however.

It Is expected that extensive exposure of skin to water would remsult
in removal of water soluble compounds such as urea from the skin.
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It has been show'n that skin urea is norsally deposited in substantial
arounts on the skin surface, even without sweat secretion, and the
antimicrobial properties of urea have been known for centuries.
It has also been shoen in this laboratory that lipids extracted
fror feet of patients with fungal disease contain statistically
gignluicantly Io,'er quantities of urea.

It -ias therefore hypothesized that urea deposited on the skin surface
r-ay be a controllnr factor in derratophyte infections. In vitro
testinp of this hypothesis may shed some lirht on control of fungal
diqeae.

! .SI'I.TS AND DYSCUSSION OF RESULTS

Spores of Trlchorhvton rnentagronhvtes denoqIted on the surface of
nuriffed arnr contatninp mainly bacteriological pentones produced
well-defined colonies at 30 C. '!o inhibtion of the formation of
visible colonies was observed when urea was added to the Medium at
a concentration of 10 rA/rl. t 20 mrpll a dela, of 2 davs in the
onset of provth vas observed. This delay Increased to 6 days at
30 Mr/nl. At 50 nr/rl or higher, no colonles were observed even
after 40 days. Urea thun produces an inhibitory effect on groth
of spores of T. renta rophvtes vhich in some way can be overcorie
by spores provided the concentration i.4 not ;cry hirh. It is
known that many, but not all, strains of T. entarrophyte. Cive a
urease positive test,i.e. that they hydrolize urea. In contrast,
vost strains of T. rubrum are usually urease negative. tt this
tire it is not known if the strain of T. ventagroPhytes which
vas used in these experiments, and which was isolated in Vietnam,
was urease positive. It is also not knoun if and at which
concentration, strains of T. rubrum are inhibited by urea. A direct
comparison of the urea concentration lup/rl) in arar medium
with the surface concentration (vp/cm ) on the skin cannot be
rade; nevertheless, model calculations supest that urea concen-
trations which were inhibitory in the in vitro assay are corpar-
able to those observed in skin lipids of volunteern.

coUCLUS IoNtS

This In -vitro study deronstrates conclusively that urea at
relativlv lm! concentrationn can inhibit rrov-th of a Vietnam
strain of Trtchophyton entaeropvtes. It is, thus, quite

reasonable to postulate that srall molecular veight rolecules
from weat glands, selaceous glands, or the epidermis ray have
a sip.pificant controlltnr effect on the rrow.th of deruatophytes
on the skin. These in vitro observationF may further explain
the epideric outbreak of T. !entas rov).vtet infections in co bat,
but not in support troops in Vietnap.
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RECO.'EDATIONS

1. In view of the low toxicity of urea, the role of this agent
in the control of the growth of dermatophytes should be further
explored.

2. In vitro tests should be extended to other dermatophytes
which are mignificant pathopens in Europe, the Near East and,
perhaps, Africa.

3. Model experiments on mint-pigs should be initiated to

confirm in vitro experiments.

4. Comercial products, such s "Aouacare/IIP" the skin lotion Vode
bv Herbert, should be tested as inexnensive nontoxic preventive
apents against denatophyte infections.

PVBLICTIMS

None

EX-4 Arplicatlon of the electronic
cell counting method to the
testing of antifungal agents
and skin lipids

PWbBLE:

The activity of antimicotics currently in use is limited against
a well-defined group of dermatophytes. While several compounds,
such as undecylenic acid, have been used topically, only griseofulvin
can be administered orally at present. Although griseofulvin was
used prophylactically in Vietnat, it was later found that it may do
no more than delay the outbreak of a fungal infection, that fungi are
atle to detoxify the edication, and furthermore that yeast Infection
cannot be controlled by priseofulvin.

Evaluation of more effective and safe antifungal aents to treat
formulation of better prophylactic measures, and more rapid evaluation
of susceptib.llitv testinp of fungi are still inportant objectives in
rilitary medical research.

RESULTS AND DISCUSTN OF RESULTS

Preltrinary results of the shake culture methoC, which makes use of
the Coulter Counter ZA, Channellzer, and Teletype system Were
reported in FY 77. Several additional experiments were required to
clarify a number of questions. Por example, signal amplification
had to be studied so It could be optimized and so that contaminating
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It
particles and bacteria (if present) are not interferint v.th spore
counts and size distribution measurements.

The influence of particle density on count and size distribution
was 4so evaluated. It %.aq shown that above a count rate of 25,.00,
size distributions become distorted, presusably due to formation of
aregates. reproducibility v-as checl:ed; it is excellent. ?ultiple
teasurements over extended periods of tive in sarplen Mhere .roth
s.as inhibited indicated that size distrll-utjonq vere itable and
hip.hly reproducible.

In earlier experiments, spore preparations vere rade 'ith 0.9'
sodiur chloride solutiono. Subsequently, it vaq shown that sodium
chloride inhibits the ,forration of colon1e. of Trichorhvton enta-
.rophytes. For this reason, an exoeritient was done in visich part
of a culture was dispersed in T'een 80 and the other part In

0.92 NaCl. The results indicate that there I. no significant
difference betveen the tt.o spore preparetions, that develotewnt of
hyphat is similar, and that chnnrpes in size distribution iith tire

are si ilar.

.Ftmles w'ith C.ontrol Cultures

Phase contrast phototicrorrarhv revealed tbat an extensive neti'orL
of hyphse was produced over a period of 24 hours. Nirlnp this
period growing spores utilized the arinoncl'. frw' peptonen. As
a result, the plr of the rcdiwn increased atove 8. H spores
rerrisated and increased in size beyond the upper threshold setting,
they were no longer counted. As a result, spore counts decreased exponen-
tially with a half life of about loh. rarly events of gerrin-
ation .ere seen in a 50% increase in size of the larger sporer

over 0 period of about 7 h. 11tereafter, size distributlons shift
tovards sraller sizes. j

Studies with nrlseofulvin i
Visual observations of liquid shake cultures indicated that after
24 h sore spores zi'e cnl-rged Pnd tOnt s- e had .erninated and
formed sho,- hyphse. The chnrpet In size distribution over the
period of 24 h were mall and avounted to about 15' for the -
larget spores. Since the culture vediur contains no antibiotics,

multiple arplinr In the presence of £riqeo'ulvin occasionally
resulted in overgro*.th with bacteria. This could be easily detect-
ed by a large increase in counts and a concoitant shift
in the size distribution totards smaller particles.

Studies vith Undacvienlc acid

Visual ot-servation of liquid shAl:e culture% after 24 and 51 h

indicated no rtovth of mycalin in the undecyleni actd treated
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cultures. Phase contrast microscopy indicated that no spores had
germinated, and that no hyphae could be observed. Over a period
of 24 h the pit of undecylenic acid treated cultures decreased
by over 1 unit and became acid. Size distributions indicated that
larg er spores decreased exponentially. The decrease vns of the
order of 40% in the first 10 h.

§Lvoes with SIIh 1ij i!yds

A detailed kinetic analysis of counts and size distributions
Sugests the follo:ing:

Overall. the percentage of spores that produce hyrhAe and the
speed at which they are produced are approximately the some for
skin lipid trerted and control cultures.

-it appears that skin lipidn decrease the time necessary for
growth of spores before hyphae be.Ir, to gro'; this observation
suggests that g.ermination is facilitnted by the sfin lipids. Thls
could lie duv to the lipids actinr on nutrlents.

-Tle rate of groith of hynthne appearn sirnificantly lomer for
skin l:pid treated cultures than for control culture-; this
observation sugrests that skin lids inhibit hyphal grotth.

Stodies vith niconazole

Phase contrast photonicropraphy revealed that miconazole stops the
formu..ion of hyphae. Duration inhibftiton I, long; no evidence for
germination could be found. During Incubnzion, spores in the presence
of ticonazole produced acidic metaboliten. This resulted in lowering
of the pl! in contrast to control cultures, where the pit ali'ays in-
creaoed. Although larger spores in the pre.ence of niconazole did not
form hphae, they increase by 80Z over a period of approximately 28 h.
':o bacterial overgrovth in the presence of riconazole was ever datecteI.

Co;CLUS IONS

lAt4XM rdisribvtion stu~ia on spor*.s of Trichogyton menarrot~s
can le used effectively to monitor germination and fornulation
of hyphae. The tire required for such studies appea's consid-
erably shorter than conventional, assa-it, such as thone used
for drug susceptibility testing. Thc method in applicable to
-tudy inhib'Itors during the early phases of develop ee of spores
oV" darmatophyten and possibly for yeasts. Tt ran effectively
replace wre timt-conuming retbods. such s the usual turbidimetric
vvthods.
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RECOMIENDATVONS

The Coulter counter method shotld be used to evaluate the efficacy
of nell ontifungal agents. It should be used to detect inhibitors
and growth pro'otinr apents which have been surgested in skin lipids.
It should be used in suscentibilitv testing of fung. (prevalent ift
potential war theaters) to currently availablt and newer mort
effective antifunpa' agent..

PUBLI CATIOMS

None

STVDV NO. 3 Dermarolorical problems of
the soldier during World Sar
IT as documented i confis-
chted GeriiAn docws-nts

'IOBLV!

Mertcan records of militrrily relav.nt deratelo'i.n& problems
during World Var II are rather sketchy. As reported In FY 1977,
preliminary screetnin of confiscated G.errr-an doev mentg of the
Oberkommando der tjehrmacht identified 9 microfilms. Viese films
were purchased in FY 78 frort Lhe :ationel Archives in 14ashington
D.C, for the purpose of aalyvzin. Cera documentetioa ft'om World
War 71 with regard to rclevance of potential dermatolti.ic.il probl"
of the t'.S. soildier; and, possibly, for providing a basis for planaing
dernatologic*1 counter measures in order to maintain a healthy force
structure in .. ntral Europe. The study it done in two phases. In the
first phase, reported here, the aicrofilma are sc~nned for relevant
dermatological information of W.W. II documen'.s.

RESULTS AND~ 1ISCUSSIMt OF RESULTS

In scannin, the confiscated Gemn war documents, it become
obvious that the microfilms vwere flrs ot e'erything as it would
be fomid in & file cabfnet. For this reason, each film had
to be scknned in its entirety; unimportant material was mixed in with
highly relevant documnts. Consequantly more time v.- requtred thef
expected. Scanning of the films involved assecsment of relevance
of 9,672 pares. From these pages, 563 were printed 2nd identified
for fArther evaluation. Most of the materiAl is in the form of short,
typed wemorwda, reports, etc. The content* give a tremendous amount
of insight into the medical asp'ects of conducting war in futsia,
North Africa, Eastern Europa, North Africa, and Western Europe.
Secret documents of a mre general natLre relating to medical
statigtics and tactics, regolations on trecment of diseases at
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various levels, i.e., company aidmen or phvsicians at the division
level, as well as -rgsnizational documents of the medical corps
were identified. Extensive file& were maintained by the (erman
IQ on forei.n intelligence with regards to military medicine;
for instance, a rmrran translation of a Russian document on chemical
warfare aCents was found. A total of 156 pages were identified which
dcal vith specific derratolotical and venerological toricn. ?uch of
that material is in the form of reports by consultants who dealt vith I
deruatological and venereal disease problems. One hundred twenty-
seven pages were identified which relate to "chemical warfare"
decontarination measures and regulations. any documents relate to
infectious disease and 63 pepes were Identified which, in one form
or other, relate to mission recuirements of the Department of Derrato-
logy and Tropical !edictne. Sixty-nine papen relate to "repellents"
and measures related to the prevention of evidemics due to .arcoptes
Scabei, mosquitoes, Rickettniae, and other disease orpanlms that
vary in different countries.
COINCLUSIMF .€

rlvq hundred and sixty-three selecteO papes of confiscated doc-
uments fror the 11Q of the Ir-err~an Army constitute a valuable source

of Information for identifyinr potential medical oroblemq for US
Amy forces ir the Zuropean and Yediterranean theater.

PXM~lIIM;AT lMqS

Evaluation of identified (Gruan War documents should begin in Phase
II of thlac Study Protocol.

PUBLICATT' S

None

8= NO. 4 Epidemiological aspects of
funtal disease in relation
to potential military-
dermatological problem in
Europe and other countries

I'RODI

Inadequate documentation of the etiological agents that cause
skin disease due to fungi oakes it almost fIpossible to estimate
man-days lost in U.S. troops during peace-time and makes it
equally difficult to predict risks in potential future conflicts
in Europe or other tieaters.
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Vill Trichonhyton rienta. _OApnt which cauqei r'aor outl reals of
skin 'disea'se in lVietnan, be a prolhier for U5F troors in Europe, or
other georraphicol Arens, in a potential conflict? 1*111 other
etiolojpical arents, such As Trichopohyton v~olaceun he a prol'ler
with V.S. troops, since it is~ knourn to have a relativelv vell
defit,ed geopraphic area In ratern Eurone and "lie ~~

Informationi on the occurrence and prevalence of nan' -tl-In pathopent;
in foreign countries Is sketchy in the Arcrican redico-inycolorical
literature, and It appears that the foreirn literature hars not
been evaluated at All. It also appears that no analysis of the
type and frequency: of skin pathopens In Eastern rurope and other
countries has been made In recent years. An a resui, the potential
imiact of these skin pathorens on U.S. soldiers Is lnrpely a'iknoun.
ror this reason,, a thorouph revIev and analvsis of the foreign
literature Ini important. The review and analy~fs Iq also neceqnary
in order to select and tect never antifunral arentA 40 that they
can b-- made available to rilitary phivnictan- hnd conpany a idren,I
and Lo design and test up-to-dnte ant4 effective counter rwanures
ansi prophylactic strAtejies for I'.F. troops.

RESUL.TS M~ DISCUSTMI OF r1*.SLT5z

An exten.4ive revier- of reporvq publli'itet In the rena lourcal 'ivkcaen'
was nade on epii iologicAl studien in rasttern rurone, 1'e-ttern
tiarope, the *Iiddle East, ard Africa. It was learned that throughout
Centrol and Lastern Europe extend;ve chanf'es in the tyre of f'snral
pathorens hnv, occurred ovev the past 25 yearq. In partir-ular. it
was found t~t ,ucl: rore virulent etrainn of Trichophyton rubrus-
have rerlta4 vore !'anftn strain5 of 1. rmtstrop]'te. rxtensive
surveys by the Eat! Cenmar .:oP'nRion on cxperinental rycology
reveal thast T. vu~rr in~zrtased from 59.2, In the period 1955 to 11166
to 73.90' In the Ieried nf 1967 to 1971. TDurir4' the stre tine interval
T. men~rgphyte~q decreasea from 26.2% to 19 ~*It appearg that in
mwst European countries the frenuency of T>. rubrur Is not- &Iove 702.
A Cerran military study revcales that 243.5" ofsolicern suffered
from derriatophyte Infection% attacfn- vainly the font end Erotn.
No xivsdXer study *x~xtA for V.I. troorr in rurope, an-z thuq, fifures
car. mily be corpared v.ith A recent C:.F. ttuev Inc1icatinje derr-atophyte
prevalence a 87.7 pat- 13)l Yale persors. nther studic4 trc'r Inst
Gerirsny aad PlintJ su! rest thsr. the frer~irncv -.) T. vtruccur-. T.
violaceum, T. tousurannie L~. i'loccosur can be~ g derencinr
Ott the Rweograc rej'ion. ilthcrurh T. xsodnese f-t nuite corr-on In
l7ireris, Caroroo-a*, and otier countrir', of I-er-t and ra'tt .PfricA
(SOVOIia it is sAas f,?un4 ocs'al"In rantern rurore. It hs
not case~d any apidemics as of to datea ". audoulift. vhtch vas
Identifid in 40.4% at ds-ipstophyte Infeon iIn Crl'n euriagr
IorlJ V'ar 11 , had declined tn OAr4% In the period of 115C-1 168.
It m.nv, ho,,ever, not ht safe to conclude the.t d-2rnxtophytex i-hich
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are now rare in European ropulations r,ay not poqe a significant
Potential riank to t.S. troops.

Yeast infections due to Candid, albicans appear to have increased
in nurber and In severity in many parts of the world. A mycolonical
study on Polish railroad vorkers indicates a 36.87 infection rate
with yeasts (mainly Candida) against 12.57 witht dermatophyten.
A rarport sample of patients attending an outpatient clinic in Frypt
were tested for maceration of toe webs. Yeasts of the genus Candida
were dsolated from (-4Z and only 4.61 had dermatophyteR. The fact.
that Candida constituted the major causative agent explained the
disappoiting result with gricofulvin therapy.

Mlereas a zoophilic variety of TrLcho~hvton tenta rophte%, a stiain
not ordinarily isolated in the United States, caused epidemic
inflarmatory dernatophytosis anonc U.S. combat forces in Vlecnam.
the review of available literature of 1*astern Europe. "iddle rast,
and Africa sugpests that other funsal pathorens aay cause Pignificant
potential problems to V.S. combat forces. Potential oroblems due. to
these pathoens have not been asseqqed, and the virulence and
infectivity of these pathoens have not been studied. ',7ever
rdicAtions, available at present or in various ttages of devel-
opmeut, have not been tented as to their efficacy vis-h-vis
these pathorens.

P 'CO??i1:?1DAT TQS

A revlere, of the literature on new antifung, l aoentn should be
made vith particular emphasis on pAthopenq that inay lie a
real or potential threat to the combat effectieness of '.S.

soldiers in Europe, the "Iddle naqt and frca.

PUBL! £AT"I MS

N;one
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ABSTRACT

PROJECT NO. 3M762782810 Military Skin Disease

WOU UNIT NO. 006 Skin Diseases Among Soldiers

The iolloving investigations have been conducted under this work unit:

SIUDY NO. I Skin diseases among soldiers

STUDY NO. 10 Contact sensitivity to nickel, neomycin, ethylene-
diamine, and benzocalne in a general pc;)ulation:
relationships between age, sex, history of exposure,
and reactivity to standard patch test

STUDY NO. I A 3-year survey of all outpatient visit 61ignosefi e
the 4 Army dermatological centers was coopleted, the diseasas tabulted,
and the 50 most cocoon diagnoses have been stratified as to the hospi-
tal, and the patients as to age, race, sex, and military status, A
technical report containing the data is in its third draft. When pub-
lished, readers can asr-ertain what is contained in the computer data
base and can order sp .al analyses. Except for millaria nnd water
immersion foot syndromes, soldiers in peacetime suffer the 12 most
common diseases as do soldiers in combat.

STUDY NO. 10 The prevalence of contact sensitivity to bensocaine.
ethylenediamine, neomycin, and nickel was determined in a general
population of 1158 adu'lts. The prevalenci and 95% confidence limits of
of positive patch tests were for nickel 5.3% (women, 7.0% to 11,41;
men 0.242 to 2.2%). neomycin 1.1% (0.55% to 1.8%), ethylenediamine
0.43% (0.132 to 1%). and benzocaine 0.17% (0.02% to 0.642). Except for
nickel, patch test reactivity was unaffected by age, sex, race, or
occupation. These four substances pose no significant threst toward
producing contact dermatitis in soldiers.
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BOY)y OF REPORT

WOkK INIT NI). 006 Skin Diseases Among Soldiers

STUDY NO. I Skin diseases among soldiers

PW)BLEM

Hinety-five percent of dermatological patients are treated as out-
patien's, which is the American tradition of trying not to hospitalize
patients with skin diseases. The Army efficiently collects elaborate
data on diagnosis, treatment, a-nd disposition on hospitali.-ed pstients,
but little demographic data are saved on outpatients. Little data are
available in the littra:ure on the skin diseases on the soldiers, on
the lacidance,, morbidity. disposition, and frequency of dermatological

diagnoses in the military dermatology clinics. A computer supported
~dermatological outpatient data system w~s implenented to provide the
{phyal-clsc, ftid .h n zdmntrtor wi.th information caoncerniS the (1)

outpatieott load, (2) diagnostic and therapeutic problems encountered,
(3) n ed for varying types of supporting personnel, (4) medical equip-L sent and drug rtq~iirements, and (5) disposition of patients. All out-

patients attending the der-matilogy clinics at 9rooke, Fitzsimmons,
Letterman, and Walter Reed Airy Medical Ceaters completed an outpatient
survey card for each visit and entered demographic information; the
physician entered the diagnosis, initial or return visit, body area
involved, special procedures, and an estimate of the tiue lost from duty

k because of the visit and the disease. Data were collected for FY 1973t
1974, and 1976. All cards were returned to LAIR where they were coded,
key punched, and entered Into a computer. Informaation was retrieved
at monthiy, qearterly, and yearly intervals. A compilation for the 3
fiscal yearg hap been made of the frequency distribution of all dig-
noses by inltial and return visits, and by active duty ani other per-
$,noel. The 5A A.oat frequent diagnoses have been stratified by diag-
nosits, hoopitai. age groups, race, sex, initial visits, and military
status (actLve duty, retired, and dependents).

~RESULTS AND DISCUS SION OF RESULTS

:' The survey revmaled 146,395 initi~l vists. 197,550 total visits,
~~and rl155 ret.urv v-isits. Since dem~atologiatc are often kidded

about n4.ver getting their patients vell, the low ntaber of returnSviuits vas checked by two independent methods, and *o it is raoal
-. 'I accurate: 82.91, one viait, 11.6%, two visits, 5.12, three to si~x

~vi; Its, and 0.42, seven or more visitts. Compliance for filling
:: out cards on eseh out.patient was 97%, Of first visits, active duty
: personnel accounted for 16.2%. retired military personnel 24.42,

and dependents of military personnel 58.82. Age grouping revesled
the following; I day-2 years, 2.3%; 2-11 years, 5.42; 12-17 years,
13%; 18-30 years, 20.1!e; 31-45 years, 14.5%; 46-60 years, 20.42; and
over 61 years, 15%. Hiles totoled 47.1%; fewales, 52.92; blacks, 10.42;
whites, 83.5%; oriental* 2.52; and other races, 3.5%.
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The table lists the frequency of the 50 most common diseases for
all patients. The 10 most frequent diagnoses among active duty
military personnel in a temperate zone during peacetime are as follows:
acne vulgaris (13.82), warts (8.5%), pseudofolliculitis of the beard
(5.3%), dermatophilic fungal infections (4.8%), allergic contact derma-
titis (4.1t), seborrheic dermatitis (3.9%), no diagnosis made ar.
time of visit (2.9%), nevi (moles) (2.7%), venereal diseases (2.72),
and dermatitis of unknown etiology (2.6%). The Army's experience in
World War II and Vietnam revealed dermatophytosis, pyoderma, miliaria,
immersion foot syndromes, allergic contact dermatitis, insect infesta-
tions and bites, warts, and over-treatment dermatitis to be the common
causes for large man-day losses among combat and bupport troops.
In those wars, common causes for hospitalization included pyoderma,
infected eczematoid dermatitis, acute dermatitis, cystic acne, cellult-
cis, and urticatia. So there is considerable overlap among common
skin diseases seen in soldiers in peacetime and wartime. Miliaria
and immersion foot syndrome occur in restricted geographical areas.
Fortunately, better topical and systemic medicaments and trained
dermatologists have almost eliminated over-treatment dermatitis as
a cause ot morbidity. The soldier lost an average of 2.2 h for each
outpatient visit, from leaving his unit to leaving the medical facIlity.

CONCLUS IONS

A 3-year proportional rate survey of all dermatology outpatient visit
diagnoses at 4 Army dermatological training centers has been completed
and the data tabulated. Data on the 54 most frequent skin diseases
have been stratified as to age, race, sex, hospital, and ailitary
status. A technical report presenting the data is in its third draft.
These data will be most helpful for planing, teaching, end management-
purposes for the military, federal agencies, &nd civilian groups,
since much of the information is not presently available.

RECOML'ENDAT IONS

When the technical report is finished alid published, readers will
become acquainted with what is in the data base, and analyses can be
made according to their wants and needs. Two training centers have
published two articles already from the data. Selected findings
from the technical report will be published in the medical literature.
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TABLE

INITIAL VISITS ALL PATIENTS N- 129,275

RANK DIAGNOSIS NUMBER 2

1. Acne vulgaris 19,573 15.1
2. Verruca vulgaris 9,119 7.1
3. Actinic keratoses 7,019 5.4
4. Seborrheic keratoses 5,015 3.9
5. Seborrheic dermatitis 4,995 3.9

6. Allergic contact dermatitis 4,741 3.7
7. Nevi (moles) 4,250 3.3
8. Dermatitis, unknown etiology 4,107 3.2
9. Basal cell carcinoma 3,942 3.0

10. No diagnosis made 3,529 2.7

11. Atopic dermatitis 3.529 2.7
12. Asteatosis 3,013 2.1
13. Psoriasis (all) 2,690 2.1
14. Pyoderma (staph/strep) 2,326 1.8
15. Tinea pedis 1,854 1.4

16. Dyshidr:sis 1,848 1.4
17. Cysts, ep'deruil, sebaceous 1,768 1.4
18. Pseudofolliclitis barbae 1,762 1.4
19. Tinea, other 1,695 1.3
20. Lichen simplex chronicus 1.618 1.3

21. Primary irritant contact derr.atitiv 1,568 1.2
22. Herpes simplex, all 1,449 1.1
23. Venereal diseases, all 1,372 1.1
24. Skintag, acrochordon 1,233 1.0
25. Plantar warts 1,170 0.9

26. Acne roseacea 1,160 0.9
27. Urticaria, all 1,138 0.9
28. Tinea versicolor 1,116 0.9
29. Pityriasis, rosea 1,051 0.8
30. Precancerous skin lesions 893 0.8

31. Numular eczema 840 0.6
32. Tines cruris 695 0.5
33, ln*ect bites 672 0.5
34. Venereal warta 652 0.5
35. Skin car.cer, other 617 0.5

36. Herpes zoster 595 0.5
37. DeruAtofibrom 565 0.5
38. Alopecia areata 538 0.439. Scabies 530 0.4

40. Candidlasi 549 0.4
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TABLE concluded

RANK DIAGNOSIS NUMBER 2

41. Alopecia, unknown etiology 480 0.4
42. Periorbital dermatitis 480 0.4
43. Pruritus 451 0.3
44. Lichen planus 404 0.3
45. Pityriasis alba 384 0.3

46. Squamous cell carcinoma 370 0.3
47. Drug eruption 360 0.3
48. Keloid 348 0.3
49. Discoid lupus erythema 320 0.2
50. Vitiligo 308 0.2

PUBLICATIONS

None

STUDY NO. 10 Cont..-c sensiivity to nickel,
neomycin, ethylenediamine, and
benzocaine in a general popu-
lation: relationships between
age, sex, history of exposure,
and reactivity to standard
patch test

PROBLEM

A recent report on the epidemiology of contact dermatitis has been
widely quoted and misinterpreted by many physicians and some persons
in regulatory agencies. Some have assumed that a certain percent of
the American adult population are allergic to nickel (11%), ethyl-
enediamine (7'4), neomycin (6%), and benzocaine (5%).

Soldiers may come in contact with all four of these common antigens.
Neomycin seems to reduce the infection rate of minor skin injuries anad
is widely used and accepted by military physicians. Impetigo and
pyodenna are common military medical problems for which neomycin is
used. Pretreatment with neomycin appears to prevent the development
of miliaria rubra. Miliaria and post-miliarial hypohidrosis are
well-documented comon causes of military disa3ility. Dog tags and
their chains, stainless steel watch bands, and the snaps on boxer
shorts contain nickel. Ethylenediamine is used as a preservative in
some widely used topical antimicrobial formulations. Over 70 tons of
benzocalne are used each year in the U. S. as a topical or mucosal

anesthetic. This study was designed to determine the true prevalence
of neomycin, nickel, ethylenediamine, and benzocaine sensitivity in
a general population.
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RESULTS AND DISCUSSION OF RESULTS

The data have been completely analyzed from 1158 paid adult volunteers
from a general population who were patch tested in the currently
standard manner to 202 neomycin sulfate, 52 benzocaine, 2.5% nickel
sulfate, and 12 ethylenediamine. The patch test (AL test) was
removed at 48 h and the sites were read at 5 days. The prevalence of
the positive reactions and 952 confidence limits of these positive
patch tests were for nickel 5.82 (0.242 to 11.42); neomycin . 1.1%
(0.552 to 1.82); ethylevediamine, 0.43% (0.132 to 12); and benzocaine,
0.17% (0.20% to 0.64%). Nine percent of women (7.02 to 11.42) were
allergic to nickel compared to 0.92 of men (0.242 to 2.2%). Nickel
sensitivity has a strong correlation with a history of pierced ears,

earlobe rash, and jewelry rash. Ten of 12 neomycin positive subjects
had used neomycin for one week or longer on an inflammatory dermatosis
as compared with 6 of 36 age, race, and sex match controls. This was
highly significant (P<0.001) and yielded a relative risk of 13.

By history, 85% had been exposed to benzocaine, 48% to neomycin, and
15% had used Mycolog cream. All had been exposed to nickel. No
definite age related patterns of exposure or patch test reactivity
were found. Women had higher rates of exposure by history than men
for all antigens tested. Only nickel showed a striking difference
by sex. Age and sex adjusted rates of patch test reactivity for those
employed by a medical institution (466 subjects) differed little from
those with a non-medical occupation (692 subjects). For each
contactant, subjects with a positive history of exposure had higher
rates of patch test reactivity than those with a negative history.
With respect to neomycin sensitivity 7 of 8 subjects with strorg
positive neomycin patch testm had positive use-tests when neosporin

cream or ointment was applied. However, only 2 of 4 subjects with a
weakly positive neomycin patch test had a positive use-test. The
reactions by and large were mild in the use tests. Twenty-one
applications of neosporin G cream or neosporin ointment over 7 days
produced Isolated pruritic papules. Neosporin ointment produced less
intense confluent dermatitis than neosporin G cream.

Day 5 is the best time to read patch tests, at least with these 4
antigens; i.e., significant positive tests on day 5 had far more
clinical relevance than those on day 2. Weak positive tests on the
second day may become regative by day 5. We reclassified the old
criteria of positive vs negative tests. We determined that a weak
positive rzaction has an induration of less than 752 of the patch
test site and a strong positive has an induration of greater than 752
of the patch test site.

When more than one test is positive on a given individual, each test
should be repeated on separate occasions. A strong positive reaction
can greatly influence the outcome of a weaker or false-positive tet.
Spurious false-positive reactions may-result from this phenomenon, %

known as the "angry-back" response.
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CONCLUS IONS

This is the first epidemiologic study done where patch tests were
performed in a large group of volunteers in a general population.
Important findings in this study show that the prevalence of neomycin
sensitivity in a general population is approximately 1%, far lower
than the 62 figure reported from a selected patient population with
contact dermatitis. When subjected to a use-test with drugs con-
taining neomycin, 3 of 12 subjects allergic to neomycin applied the
antibiotic 21 times in 7 days without any reaction. The other 9
subjeccs suffered a minimal dermatitis from repeated use 'with no
severe reactions. We conclude that topical formulations containing
neomycin, when used for minor burns and injuries, pose a small risk
tc the consumer. Superficial bacterial infections are common among
soldiers, and topical antibiotics containing neomycin are frequently
uaed. Benzocaine and ethylenediamine products would appear
to cause little, if any, risk to the soldier. Nickel seems to have
little military significance although it is impossible not to come
in contact with nickel daily, since nickel Is present in at least
trace quantities in almost all metals. Benzocaine, ethylenediamine,
neomycin, and nickel pose no significant threat for producing epidemics
of allergic contact dermatitis in soldiers.

RECO3MENDATIONS

None
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24. (U) 3actoris isolated from active lesions will be used in theta* srudies. Animal
models will be developed to detensine tha, pathogeness, prevention, and prophylaxis of
pyoderma. by IdentifyinF and quantitating noru#a. cutaneous mic root ganiss on healthy
and Infected Akirs of soldiers, topical bacte rioprophy lactic awssurcit will be developed
to augment tiatural resistance.

25. (U) 77 10 - 78 09. In suPPO~t of Insect repallent studiss, the normal flora ef
Ihtuman skin has been aeterained. ErPeriant'm shzin i'sactiotki in hoastors and Ivina#
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in conjunction with Lte AcademY of Derntoiogy to determine the frequency. deggription.

land ctusative &Seats of pyodetws lesions has bean tunderta~ken. The antibiotics effects* ader--ar-ophyt* on micrococci growing on porcine skin was stvdli by using scanning
.0!e 1rn iroscepy.. Survivxl and interaction with normal florA Of fout Ott Las of
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Ppnfl3cCT Nn. 3t?762772AI'81 Mltitary 5 in Dixsee

Wc'r UITT Nfl. 010 %'icrobial, Interactions
on Lenithy and Infected

Sl ins of Soldiers

Tile follcwving investigntions have b'ten conducted under this
work unit.

STUDY NO . 1 Sarpl±ng of Picroorr~aninva fror. skin

SrUDYn NO. 2 litcrobial ecolog~y of bacterlorronhyla,is
and bacteriotherApy

;TMDY Not. 3 fnirmal models for studyinr the pathopenic

mecheas of bacterial pvoderinas

STUDY 11n. 1. r-ecause of the lack of stntinticAl arreeent
bemwsen bacterial countx found on the "sar'e rerinn," a mpir

experitrent usm devised to doterrine vAtether or not microorpanisrn

findinra indicated that on the volunteer tm tAnpled t',e preso-
philic aerobic ricroorranisrsR w.ere not evenlv distributed.
Thus. bacterial countq obtained frocr one rerfor of the shin
cannot be uqed reliably to predict the nimber of bacteria
on 3h adjacent akin site.

The echanical linear sanrier, a manual ne.thod (311isesn and
Mriman),skind the timed-cotton-tivab rethod v.ere comipared by

usan *erobic plate countA to determine Mcich %t- wost reltable
for renovinp a kam-n concentration of bacteria from guinea
piC skin. The manual method wen most rellat-le, v.hile the

tir.d-cotton-svab proved to be the leat reliable of the three.
STUDY No. 2 The survival on skin of a bacitrar-n-nepative
mutant of Bacillus licheniformais M')16 and Its interactions with
normal floriA were studied. 41e survival curve fror' pooled dots
va.s ttattaticaity similar to that of the parent strain, althouph
stroq variaLion we oLsci-.r* arn Individual volunteers.
Notmal flora rewaind exitntielly tmechne4 during the colon-
i:Wtion period.

%c~nninr oiect ron r~icroscG1ry was used to search for local or

%enteftrogvtee. ?flCrococcus luteus dinrlae? morp-holopit-al
alterations on skin czturas with the fanrud.
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I STUDY NO. 3 To study the effectiveness of therapeutic and
prophylactic agents against bacterial pvoderas. we have
developed a reproducible rthod for producing bacterial gkin
Infections in hamsters and guinea pigs. By Injecting 10'
colony-forming-units/0.1 ml of either coagulase positive
Staphylococcus aureus or Group-A-beto-hemolytic streptococci
intraderrally into the clipped backs of hamsters and immediately
occluding the site for 48 h (23.3 C and PIt 48T), pustules are
produced. Occlusion alone does not enhance lesion production in the
guinea pig. Although either coagulase positive Staphylococcus aureus
or Group-A-beta-heanolytic streptococci can induce pustule formation
in hamsters, guinea pig skin is more nensitive to Staphvlococcus
infection than to Croup-A-beta-lenolytic streptococcal Infection.

This anial model vill be used to deter.ine the pathogenesis,
preventilon, prophylaxis and therapy of pyoderma.

1i1
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Den)y er !:rORT

(!'PK LtIT NO. 010 !Iicrobial Interactions
on Veeithy and Infected
Skin of Soldiers

STUDY NO. 1 Far-rling of tricroorganiqrs
frot hunan s!:in

Cor.tapious skin infections need to be ron~tored In r'lftary personnel
in otder to prevent spreadin- the disease orpanfiars. (ausative seents
of ba.cteriak s0in infection renide on thie tt In along titth i-any
other nicroorrantr's w~hich are not paithogenic. Bccau-te the
sam~ple Is no better than the sa-iilinr rethod, we have searched
continually for v'avs of tr'nrovinr our sanlino' rethods.
"any of the rethodq uqed tP SArrie rnicroorrmniqrs found on
skin fail to produce reltable results. "iny papers have been
published vbich &erncribe a variety of sarl,'.5 teclinfrues;
hovcver, feti of' those" anves.tigationn have adenuatelv evaluated
tile a.oqt used ssfrplInr rrocedure, svb~-.n. Tn addition to
evaluatint. tie sarp~fng netlioen utilizet' in our lplinratory,
we %ave investigated the I-acterial flora on one volunteer to
deternine if ve can exrect to obtain statinticallv qIrilar
1bncterial counts fror adjacent skin siteq locate(! on the volar
foreart'.

P15CLTI AN D4%:;fl OFcurrr: or E!7,LIt

Oir data, and that of' otier laiboratorieq, have reported on the
wide spectrum of ricroorranisrs inhabitinfi''e stretunl corneui.

I 0ourh the Rpectes and nurber-t of ricroor-aniqrs on various nnAtoric
qires, e.g,., foeart,. have been renorted In numeroui publicationp,
there I.". little agreerent aronr bacterial counts i-ode on the same
person on the sar-e day. To studly thin pred'Jer. the volar forearrn

vas delineAted into three repriornt vrint, rtf$-forearri and thle ante-
cubitAl fossa area. Fach Rite vaq asqaved for bocterin on the sane
day at the sare tire over a 128-d3-i perind. Exainination of the
data i-' the 'rs-l.ai test and b%- the r!it Snuare ':oodnens of
fit" test led to the rejection of the null hynothests tOat the bacterial
couat* were Aatiqticallv the spre In a nunnoqedlv sit-Ilar reflon,
the volar forear-. Our fLnc!inr9 that bacteria fnhabitinlr the skin
tvere not evenly distributed on the volunteer'st foreart ve -wirpled
!%ur-est tha t acterial count-A nbtained fret, one rerion on the skin

Scpnnot be issed to predict relial ly the nurbcr of t-acteris found In an
adlacent area.

been introduced. Degrite the nurber of methods Available, few
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have been standardized, Since ve have satipled as;Un fvr bacteria
using various netthods and devices, and because tione of the
procedures have been adequately testea, ve carprcd1 the
mechanical linear samprler (a device developn! at 111r). a ranual
method (M.igna~n and Villiat'son), and tie tired-cotton-svnb
for quantitatively rerovinip tacterio frau' rulnea rir s!'n.
To ra;;o our corrarisons, 1-aot:n concenitrat ions of Vicrococcus
luteps or Staphyococcs eperpIidt-s vre placed on the clinped
back4 of guinea pirIn. After the inocuiwf- -a,% npread by pipette
tip and allc'ed to drv, cacti rethod vnx tented at rnndor. Toe
recovery fluids v'cre ueasurcd and analyzed for tie numbler of
boczerla present. The most reliable nerhod. banied on the mean
colosy-forrinp-units, i~nn the manual inethiod. Tiried-cotton-M-0b
Produced the e'reatest amount of vnrintion. Althou,-h the stat-
intital analysin of the data in not corplete, It in accurate
to conclude that timed-.Cotton-sial i-ethod cannot rrovide
reliable ouantitative bacterial counts.

COzNCjUMr c'

1Bactorial counts oltained ftc,, one sun site are not rcliab~le
for pre'dicting the number of bncteria on an adlacent skin nite.
Oif i-othods used to reve've surface bacteria frov- pulnea pir sk;i-n,
the wtanual rethod (1:1 liarison and Kliuan) was the soot reliable
and the ttced-cotton-svab tie least reliable.

Inforrmation 1-a~ned from thin study should be uqed to determine
effects of torical Insect repellentq and antimicrobial agents on
0-te bacteriAl flora of normal skin.

rZn1LICATIM~S

2. 917,111, tea., Jr., R.3. S:'ILJA';TC, W.A~. AKE a L . KIT.
a nevd istibuio (If4TV Cmarative msaoq~nh l bvaction oufa

kin. APPI rnviron ?"icrolitol (in press), l979.

STVDY jHl. 2 "icrobial ecolory of
bacter~nproi!hvlaxin and
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PROBLEM

Aong the novel ecologic approaches for the preventioz, *nd
treatment of 'acterisl and fungal diseases of the shin of
soldiers is alterinp the indigenous microbial tora to include
strains which are especially antagonistic to comon pathogenic
agents. Such a modification of nornal flora hs yielded gener-
ally poor results in the past, but this was larpely due to an
unsophisticated understanding of ecolgy, and to the use of
improperly selected test strains of bacteria, In vitro results
ray not necessarily relate to the specific environmental con-
ditions in situ on stratur corneum. The production and effects
of actibiotics and other competitive agents in the cutaneous
habitat is particularly in neee of investigation.
Previous experiments suggested that the in situ production of
bacitracin by Bacillus licheniformis ATCC 10716 may be important
to its survival among competing flora. Different strains of the
ssme species not known to synthesize antibiotics survived poorly
in comparison with ATCC 10716, Because strain variation might
have been responsible for these results, a nitrosoguanidine-
derived bacitracin-neFatlve mutant of ATC 10716 vns attained to
serve as a more approprisee control for the study of survival and
Intesactions of bacilli. The production by dermatophytes of
antibiotics (penicillin, streptomycin, and azalomycin) is
dependent on species and strain and on culture conditions. The
low sensitivity of agar diffusion biological assays might have
been responsible for the frequent failure to observe antibiotic
synthesis on stratum corneum culture, althouph the derrmtophytes
tested were abundAnt producers in broth. Because local or
limited production of antibiotics may still be inportant in
dermstophytosis, ;e interactions of a dermatophyte and micrococcl
growing in vitro on stratum corueum were exanined by scanning
eleozron nicroscrpy.

MSU TS AND DISCUSSIM OF U£SULTS

Spores of the bacitracin-aegative mutant of B. licheniformis
ATCC 10716 were applied to the forearra of the same set of 11
volunteers who had partUcipated in earlier studies. General
results conformed to those obtained from the previous three
stratns of the bacillus. No statistically significant differences
in survival, measured by population and duration, were found between
ATCC 0716 and its mutant. However. the mutant tended to be
eliminated at a faster rate, and strong variation in bacillus

*survival was noted among volunteers. PorIlation densities of
normal skin flora were unaltered. In contrast to the effectm of
ATCC L0716, no changes in carriage, compost:ion, and bacitracin-
sensitivity of reidenL flora were detected. ?ficrococcuo
lute.i, whose growth vas inhibited on agar media by penicillin
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and by Trichophytnn ._entsarophytes var. £runulosun, sas placed
on small squares of hydrated porcine shin kept moist in their
, 'n individu.l Petri dishes. Each skin smple was also Inoc-
ulated with r:Icroconidia of the der-patorhvte, and at dailv
intervals samples were prepared for scanninr rl.ctron microscopy.
A staphylococcus resistant to penicillin and to the dcrrntophvte

served an a control strain. Only the nicrococcu- in presence
of the funrus displayed marphological alterations of flattened
valls, invasination, enlareement, and collapse. Penicillinase
did not neutralize these effects. Cerminazinp. fungi showed
positive tropisr to the bacteria.

CONCLUS I O.4S

The saperior survival of ATCC 10716 Neen with earlier grouped
Jata was not necessarily due to its synthesis of bacitracin as
a competitive factor with resident flora because the antibiotic-
nerative nutant survived alrost an well. 1Io.,ever, amcn, Indiv-
iduala., li'frer.ces in survival between .'.iCC 10716 and the
,zutant may still be explained by antibioqis, because, in sone
instances, antt-onists nay hAve been eliminated, and for some
subjects, cooperative flora may have been surrressed.

Effective, but linited, antihiosts does occur on stratim corneum.
,orphological alterations of susceptible bacteria, patterns of
deruatophyt- provth, and regional variation of qkin demonstrated
the profound !nfluence of nicroenvironrent on antibiosls.

i ~REM3s.ID/ T I OS

Studies of bacillus survival on different areas of skin should be
coutitued. U'se of the antal m~odel of pyodem~a for prophyolactic and
therapeutic tentinp of bacillt should bertn. Scanning electron microp-
copy ard the stratum corneuw-nicrohe system to assAv t-rmatophvte

inhibitory aentl should be uned.
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STUD)Y No. 3 AU1Pr- models for ntudyinr
VIC, P;thogenic wMethAnisms
of !acterl al ?%vaderriax

Pyoderrias, b'acterial sin dfqeases, can occur Irn eptdcaric
rrort ion Aron!! corhat personnel, stid therebv reduce ccw'bot
effectiveness. Lnder the rava$'es of vor, the exact extent of
ccrbst tnn-days lost fron pyc~derrAas can not be predtcted; hco,'ev.
in ote survey, 18: of the soldierm firphtinp In the paddles in
the )Velony' P-elta of Vietnar ivcre Infected. Since there Is ito
currently accertable preventive mennuro ailainit the strepto-
coccal-ttphylococcal skin diseases observed in cor'bat soldiers,
and since there is no suitable animal model on w.hich these
preventive meAsuren can be tested, ve have developed a re-
prodtacible bacterial sinr infection in hnnsters and g~uines pigs.

Initially, All strains of frrcur-A-Iheta-hemsolvtc Strertoc.lcci
(rtMlIS) and -tnahvlococcus aureux (C1'FA) vere te-sted in haristers
arnd suinen pirr.b In Iectln -cc culture s4 nplv into a siin
,ti te. Of tie eight -itrninn of (')U!V~ And r'~rA tcnted, tj~to
.ntrain4 of 'rthi! nnd one ntrnin of Crt'~ verc c~innen for further
inv'elt iiat ion.

The 41tin renctlon in r'ulnen plrq inl:'cted Intradcrinallv vftb
vartoug ntraina of CCir van itirilar in troq.t Iflqtonceq.
Appr'xir-atel, 24 i after the Infection, a Inrr~ .,rvtliematou-t
-ire~i withi a dark colored lesion about the size of d pencil
head iias pr2nonted at the rite of iflectisn. Tn contrast to
the liz-lted local infection cauqed by C-VF coAjgulase positive
Stapmylococcus sureus produced a readi- i ' dentifiable lesion V'hich,
on rirovAX of the Intact roof y1'Y~ded a srall nuantitv of pus.
Theso prelitiinary data "urrested thapt ruinen pip, skin wnq imore
rernistnnt to CAUI;. than to C7F.~

% ttqtfnF vario~js ntiainn of CM1* In )hnsters, v'e found
hakrster nklo r'ore sensitive thon rulnes pig Slin to 1-rnion
developrent. At loy cell denndten, 105 - _6~ colony-for'i.~p-
units/Ih.1l n, icv. pustuleR were proectcd In hztnster skHta. To
Increase the serifivity of hamster akln, the intrAderriAily
inoculated site W~AS Occluded for 48 hI. Altbougti the true
function of accluaton remainni to be deterrnined, it appears to
decrease water loss fron tbe occluded stkir site. We found thst
48 It of occlusion fol.loing isazradenial ijection of afthsr
crsfi or CAN1S increased th:2 nurl'cr of lesions oboterved.
In a subsequent experir'ent, w.e examined tke effect of 111lt cell
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dcnsity, to CIV/0.1 ml, on hzmster %Ikin without o~cclusion. N c
diffarccs were noted.

To rule out the effects of thc srpent redia, 0.1 r"I of ner4r,,tne-
filtered rpedta uan Inoculated intrader-al1v into hz~inster rskin
under occlunion and without occlusion. ',o le,4ion-; re~ulted. To
determinc whether or not O'e ientns Produced rco~ufred viab'le cells,
heamt killed cells vere linoc Aiatcd intraderr-ttliv into 110rster skin and
occlude'd for 48 hi. Apain, no lefsionit developed. Vashed
ce'lls produced lenionq str'ilar to those produced 1,v unvis'ied
cells. These studies dem'onnmrtted t'i't virt)'e cell14 --ere necesarv
for lesi.-in fort'Ation.

The results presented der-onqtrlte that our tecMmue Is cai~nble
of producing pyoderra in har-tor sV~n. Then;- bacterial sl~n
infections are reproducib'le. The stprnificance of the-to re-wilts
is twofold; first, this Anit-A1 Mod..l can be usecd to
evaluate the efficacy of new and currently. us~ed antiactcrial
arents for treatment of pyoeeri-A. Fecond, an4 perh'p', rr
important, selected thera~ieutic rertrenq can be tested directlv
with this model.

CONCLI:SIONS

A rethod for producing b-icterial pyod.err., in the h.,vqteri hnqi
bseen developed, Tbiiq rthod er'plovs hi-!% cell d.'nnitv of either
ceas-ulase positive 5tp~lcc~saurcus or Croup-A-betA-
hemolytic ntrentococci tnjeLted Int rlv folloved bv
48 h of occlusion.

The effects of htrddity nrid tet'perature an the develioprent of
!acttrlal pyoderma should be detervilned. Selected therapeutic
and prophylacttc reartureg should be tented for effectiveness
against bacteriAl pyoderi'.

1. MlnIl, !%'A., Jr.. r.J. S1AIC and Y.", CPWWIXN Mn

etiip. Sn rancisco, 1378
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ABSTRACT

PROJECT NO. 316227A810 Military Skin Disease

WOARK UNIT NO. 015 Development of Improved Insect
Repe)lents for Military Use

The 'ollowing ivestigations have been conducted under this work unit:

STUDY NO. 1 Co -nization of selected insect vectors of disease

STUDY O. 2 Genetic a-,bects of wof;uito repellency

STUDY NO. 3 Development of iraprnved tick repellents for
military use

STUDY NO. 4 Development of duration testing aethods for
mosquito repellents

STUDY NO. 6 Entomological evaluation of insect repellents

STUDY NOS. 1,2,3,4, and 6 The colony of the tick Ornichodoros
parkeri was brought to production strength and a colony of the bug
Rhadnius prolixus was initiated. Quantitative methuds were developed
for testing repellents against mosquitoeo and sand flie3 in human
and animal test systems. Selected sonventional repellents were tested
against mosquitoes (AnopheJes, Aedes, Culex), sand flies (Lutzomyia),
fleas (Ir.inus), and ticks (Ornithodoros, Dermcentor). New repellents
obtained from the Stanford Research Institute and the U. S. Department
of Agriculture uere screened against Anapheios albimnas, Anopheles
stephens5, Acdes aegypLl and Cuiex pipiens. respective tolerances
of 6 inbred strains of Aels aeqypti to 4 standard repellents were
determined.

4
I
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BODY OF REPORT

WORK UNIT No. 015 Development of Improved Insect
Repellents for Military Use

STUDY NO. 1 Colonization of selected

insect vectors of disease

PROBLEM

Laboratory investigations relating to the development of improved
insect repellents depend on the availability of an adequate stock
of representative insect species for experimental use. Laboratory
colonies provide an economical in-house resource for repellent
bioassay in lieu of travel to distant areas where medically im-
portant species are known to occur. The present study encompasses
research relating to the development of methods for the laboratory
production of experimental insects required for the repellent
development program. Emphasis is placed on the development of
practical, efficient methods for the mass-production of selected,
representative species.

RESULTS AND DISCUSSION OF RESULTS

The mosquito species now available for use are (1) Anopheles
(Anopheles) quadrimaculatus Say, the historical vector of malaria
in Eastern North America, (2) Anopheles (Nyssorhynchus) albimanus
Wiedemann, the major vector of malaria in Central and South
America, (3) Anopheles (Cellia) stephensi Liston, a major vector
of malaria in Southern Asia and the Middle East, (4) Aedes
(Steyomyia) aegypti (Linnaeus) (3 strains), the primary vector
of yellow and dengue fevers, (5) Aedes (Ochlerotatus) taeniorhynchus
(Wiedemann), a major pest species on the East and West coasts
of the U.S., and (6) Culex (Culex) pip.ens Linnaeus, the
primary vector of periodic Bancroftian filariasis and a major
vector of viral encephalitis. These species were selectedfor colonization on the basis of importance to military preventive
medicine, taxonomic distance, and ease of rearing and handling.
The flea, Diamanus montanus Baker, which has been implicated
in the transmission of sylvatic plague, and the phlebotomine
sand fly Lutzomypa longipalpis (Lutz and Neiva) which is a major
vector of leishmaniasis in South America are also reared for
use in repellent testing. This is the only established colony
of sand flies in the U.S. Improvements in larval rearing containers
have increased the productivity of the colony.

Colonies of the ixodid tick Dernacentor variabilis (Say), a
major vector of Rocky Mountain spotted fever and tularemia, and
the argasid tick, Ornithodoros parkeri, a vector of relapsing frver,
are also reared for use ir. repellent testing. The latter colo-ay was

brought to production strength for the first time during the fear.
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A colony of the kissing bug Rhodnius prolixus Stal, a major vector
of Chagas' disease in Central and South America, was established
from material obtained from the Department of Entomology, U. C.
Berkeley, Berkeley, CA. To date, the colony has not reached a strength
to permit repellent testing; however, it should do so within the
next 4 to 6 months. Procedures have been initiated to obtain a colony
of chigger mites (Leptotrombidium spp.) and a collembolan food
source from Walter Reed Army Institute of Research. Chigger
mites (far. Trombiculidae) are the vectors of scrub typhus.

For economic, humane and practical reasons, several laboratories
in the U.S. and elsewhere have developed in vitro blood-feeding
systems for use in lieu of laboratory animals for mosquito colony
maintenance. An in vitro blood-feeding system suitable
for use in the LAIR insectary is currently under development.
The system is based on the use of collagen sausage casings
filled with outdated human blood and warmed to 44 C in a water
bath. The mosquitoes fed freely on the blood, but egg productivity
dropped in 3 colonies after several weeks of using this system
exclusively, and the use of live rabbits for blood feeding
has been resumed. Although the methodology developed is satis-
factory, further work is necessary to determine the deficiencies
of outdated huntan blood and research in this area will continue.

CONCLUS IONS

A comprehensive battery of test species for use in repellent research
has been established and maintained at production levels. Signif-
icant advances have been made in laboratory production methods for
mosquitoes and sand flies.

RECOMMENDAT I ONS

Research on insect rearing methods should be continued with a
view toward effecting further economies and benefits for the
repellent development program. Emphasis should be placed on
improved methods for rearing mosquitoes, because of their usage
and importance, and on improved methods for rearing sand flies,
because of their difficulty and relatively high cost in manpower.

PUBLICATIONS

1. RUTLEDGE, L.C., M.A. LAWSON, L.L. YOUNG and M.A. MOUSSA.
Rearing of Diamanus montanus (Siphonaptera, Ceratophyllidae)
and Hoplopsyllus anoralus (Siphonaptera, Pulicidae). 3 Med
Entomol (in press)

STUDY NO. 2 Genetic aspects of mosquito
repellency

PROBLEM
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The USAMRDC supports an extensive program of research on chemical
repellents for the protection of military personnel ftom mosquito-
borne diseases. Investigators evaluating candidate repellents
frequently have reported disparate or conflicting resulto. It is
believed that genetic factors relating to the test mosquitoes may
account, in part, for those discrepancies. The present study provides
for a quantitative assessment of the relative importance of environ-
mental and genetic factors in detenaining the responses of mosquitoes
to repellents and for the development of genetically homogeneous
strains of the yellow fever mosquito, Aedes aegypti (Linnaeus) for
evaluation as standardized repellent test strains.

RESULTS AND DISCUSSION OF RESULTS

Six inbred strains of Aedes aegypti produced earlier in the study
from the MASAKA (diethyl toluamide-sensitive) and MOYO INDOOR (diethyl
toluamide-tolerant) btrains were rested to determine the effects of
inbreeding on the sensitivity of the daughter strains to diejhyl
toluamide, ethyl hexanediol, dimethyl phthalate and Indalone * Re-
suits of the tests indicated that levels of sensitivity to particular
repellents was substantially reduced in some of the inbred strains
and substantially increased in others. These results demonstrate the
genetic banis of the sensitivity trait and reflect the independent
assortment of the genetic factors involved. Since levels of
sensitivity to the different repellents were not correlated, it was
concluded that different genetic factors were involved in the case of
each of the repellents tested.

Intrastrain variability in the response to repellents was not reduced
in the inbred strains. Accordingly, such strains are no better than
normal laboratorv strains for repellent testing purposes. Powever,
since the F1 hybrids of inbred strains are both heterozygous and
genetically uniform, they might be expected to combine the separate
advantages of inbred strains and normal laboratory strains for bioasssay
work. The production of -;uch hybrids for evaluation as test strains
is currently in progress.

It is known that most repellents have insecticidal properties and,
conversely, that many insecticides show repllent activity. Accord-
ingly, it is possible, in principle, for cross-resistance between
insecticides and repellents to develop in populations of mosquitoes
in the field. Genetic linkages of this type would have practical
importance in the selection of repellent compounds for use against
insecticide-resistent populations of the vector species. In the
present study, comparative data were obtained on the respective. toler-
ances of 12 laboratory strains of Anopheles albimanus, An.
quadrimiculatus, An. stephensi, Aedes aegypti, Ae. taeniorhynchus and
Culex piplens to the repellent diethyl toluamide and the insecticides
DDT and malathion. Results obtained in the study indicate that the
responses of mosquitoes to the standard military repellent (diethyl
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toluaaide) are not corretated with their respective tolerances to
chlorinated hydrocarbon insecticides (DOT) or organophospi'orus ineec-
ticides (malathion).

CONCLUSIONS

The responses oi mosquitoes to different repelli:nts are controlled by
specific factors in the genetic makeup uf the species. loolition of
such factors by iubreeding techniques does not significantly reduce
intrastrain variation in the responses of morquiteet to repelera o.
The beiavioral responses of mosquitoes to diethyl toluaride are not
genetically linked vith their respective physiological responses to
DDT or alathion.

RECOMMENDATIONS

It iv recommended that the FI hybrids of inbred strains be evaluated
for efficacy as star.dard repellent test strains in the repellent
testing program.

PUBLICATION

RUTLEDGE, L.C., R.K. SOFIELD and M.A. MOUSSA. A bibliography of
diethyl toluamide. Bull Entomol Soc Amer 24(4): (in press)

STUDY NO. 3 Development r.f improved tick
repellents for military use

PR OBLEM

thlitary personnel are often required to enter 4reas which are
endemic for tick-borne diseases. It is often $wprtcticable to treet
such areas with an effective inmecticide to control the tick population
prior to the time that troops are required to enter the region. Pro-
tection of troops from tick-borne diseasec in such situations depends
on the use of effective tick repellents. The current standard repel-
lents, H-1960 for clothing spplicakicn and deet for topical applica-
tion, are not totally effective against ticks. There is a current
need for longer-lasting repellents having high intrinsic repellency
for ticks.

RESULTS AN4D DISCUSSION OF RESULTS

In FY 177, the 4-hour ED of four vajor repelIlent wtre determined
for nymphs of the Ixodtd Hck Derr'mcoor vjriabI1Is in a new wtte
mouse test systea. D0ithyl tolumside and Indalon. t were more effec-
tive repellents than dlmethyX phthalate and ethyl hezWmediol. Pulztji
F'I 1978, similar resvlto were obtained i* tests, agaings the wA4nj
stage of Drwmcentor variableis. W..thyl toluamide and Indalone
were even mote effective 4igain't the adilt ticks than they h&4 bean
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against the nymphs. Dimethyl phthalate, which had been comparatively
ineffective against the nymphs, was even less effective against the
adults. Tests of the four repellents against the larval stage of the
tick ere currently in progress.

Tre exact significance of the foregoing results depends on the specific
epizootiology, epidemiology, and mode of transmission of the different
tick-borie diseases. Zoonoses of small and large animals may be trans-
mitted by different life stages of the tick because of the different
host preference* of the larvae, nymphs and adults. The larval stage
of the tick cen trans-ait only those diseases that can be acquired
transovarially from the female parent. Transtadial and transovarial
transqission are important factorb in the epidemiology of most tick-
borne diseases, including Russian sp.ing-summer encephalitis, Central
European encephalitis and other tick-borne diseases of the Eurasian
continent.

T:qcs of the zilitary standard repellent, diethyl toluamide, against
the Arsasid tick Ornith-,loros ;Nirker . were initiated during the year.
Variuus species -if urr.ithodurps are vectors of relapsing fever in
North America, Crnvrul ;frica, Zhe Middle Rast and elsewhere in th2
world. Littie ia currently known of their Pensitivity to the insect
repe'lAnto in comion use. rreliminary test results indicate that
Ornithodors parkeri is moderately sensitive to dlethyl tolusaide.

ONCLUS ICNS

Isect repellents in current use are not equally effective against
all the life stages of ticks. A given repellent will not be equally
effective in preventing diseases that are transmitted by different
life stages of the same tick.

RECOMMENDATIONS

Tht repellent testing pr(,gr-m should be extended to provide additional
baseline data ,n the effectiveness of currently available repellents
to tb. different life sta&es of iaportant vector species.

PUSLICATIONS

None

STUDY No. 4 Dtvelopment of duration testing
methods for mosquito repeilents

While any cheWrals are known to repel aoqu.toes effectively when
applied to the akin at practical dosages, relatively few persist on
the akin for extended periods of tia. after application. Persistence
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I
is critical to the military application, since military operations may
require continuous exposure of personnel to mosquitoes for prolonged
periods of time. Cerventional methods are inadequate for unequivocal
determination of the persistence -roperties of ncw mosquito repellents.
Quantitative statistical methods based cn modern bioassay techniques
are crirically needed in the repellent development program supported
by UTSAPWJDC.

RESULTS AND DISCUSSION OF RESULTS

In line with current efforts to minimize the use of human subjects in
scientific kesearch, activity in Study No. 4 was directed toward ex-
tension and refinement of the LAIR white mouse test system. Tempera-
ture and dosage effecte on the effective halflivas of 10 repellents
were studied in the white mouse test system, and it vas concluded that
the initial tests of new or untried repelltnts in that test system
should be designed to determine the 4-hour ED of the test repellent
on mice maintained at 37 C. The 4-hour ED50 Povidee a measure of the
combined effects of the intrinsic repellency and the persistence
properties of the material under test on its efficacy as a repellent.
It also provides approximate information on the dosages needed to
determine the effective halflife and the ED o proper. The 4-hour
time period was chosen to correspond with that used in tests of repel-
lents against the tick vaor ia abiZi (Study No. 3). The
37 C temperature was chosen to correspond with the humsn body texpera-
ture.

In the 4-hour ED50 test procedur,,, suckling mice are treated by
immersion in ethanol (control) and 4 serial dilutions of the test

repellent in ethanol (repellent treatments). The created mice ere
held separately in an incubator at 37 C for 4 h and then are
transferred to individual compsrtments in a cage containing the test
mosquitoes. The numbers of mosquitoes feeditng on each mouse are
recorded at 2-min intervals for 20 min, and the totals of the 10
counts made on each mouse are recorded as the test results. In
subsequent replicates, the range of dosages used is adjusted as
necessary to bracket the 50% end point. The 4-hour ED of the test
repellent in calculated by probir analysis of the resui2s obtained
in tests that bracket the 502 end point. The 4-hour ED test has
been proved in more than 90 trials of 26 different repelents during
the year. The results obtained are given in the report for Study
No. 6.

A frequent criticism of conventional methods of testing mosquito
repellents on human subjects in the laboratory has been ambiguity and
incompleteness of the data obtained. Several hundreds or thousands
of mosquitoes are used in the conventional type of repellent test.
Because of the biting potential of such large test populations, repel-
lents are ordinarily tested at high dosages only, and the untr¢atd
control is almost invariably neglected. It would seem that the use
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of smaller numbers of mosquitoes would permit the investigator to
employ accepted methods and principles of biological assay. Accordingly,
reform of traditional test methods along these lines was initiated in
FY 1978.

The experiments were conducted with the mosquito Aedes aegypti and
the sand fly Lutzomyia longipalpis. It was determined in trisls with
the latter species that approximately 40% of the test insects could be
expected to bite within a -h test period. Thus, between 4 and 16
bites would be expected if the test population were limited to the
range of 10 to 40 insects per test. These bites would be distributed
on the control and the repellent treatments in conformance with the
statistical model applicable to the experimental design employed in
the test. Replication of such a cest on a "sequential sampling" basis
would insure maximal benefit/cost in terms of the amount of ;nforma-
tion obtained per bite received. These conclusions were confirmed in
150 dose-response trials of 6 standard repellents against Lutzomyia
longipalpis. The test insects (10 to 40 per test) were confined in a
small (600 cc) test cage which could be strapped to the foreara and
opened to expose 5 circular test areas previously outlined on the arm
and treated in accord with standard ED test procedures. fifteen
replicates of tne test were sufficient 59 or accurate determination of
the Id-p regression line. The results of the tests are given in the
report for Study Mo. 6.

CONCLUSIONS

New repellents ahould be screened and evaluated on experimental
animals prior to testing on man. The established principles of bio-
logical assay are applicable in testing repellents in animal and
human test systems. The conventional "first bite" type of test should
be regarded obsolete.

REOOM4ENDATIONS

White rabbit and guinea pig test systems should be developed to comple-
ment the white mouse test system currently used. Current procedures
for testing repellents against LutzomV!ia on the forearm should be extended
to tests ,-f repellent; against Anopheles, Aedes and Culex.

PUBLICATIONS

None

STUDY No. 6 Intomological evaluation of
insect repellents

PROBLEM

Insect-borne diseases are among those of paramount importance to
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military Forces in the field. Insect repellents, together with cer-
tain vaccines and chemoprophylactic drugs, are the only practical and
effective means available for preventing insect-borne diseases in field
units operating in areas or situations where the reduction of insect
populations is impracticable. Such situations include assault, move-
ment, bivouac, patrol, and unsettled or uncertain military situations

in general.

The complete baseline data needed for effective use of insect repel-
lents in any possible military action are not currently available.
Intrinsic repellency, range of efficacy and persistence properties
of the standard repellents are poorly knovn, and the merits of many

prospective new repellents have not yet been fully explored. In
addition, many completely new compounds and formulations with poten-

*tially superior repellent properties are availabie for trial. The
present study encompasses a systematic comprehensive program for
testing standard and prospective repellents against major vectors of
insect-borne diseases of known or potential importance to the Army in
field operations.

RESULTS AND DISCUSSION OF RESULTS

Extended testing of I standard repellents (diethyl toluamide, ethyl~hexanediol, Indalone ,dimethyl phthalate, dtbutyl phthalate, butoxv

polypropylene glycol, MIGK Repellent 1 lR, and tICK Repellent 326
R ) was

initiated during FY 1978. lImediate goals are to test each compound
against mosquitoes (Anopheles albimanus, Anopheles staphensi, Aedes
aegypti and Culex pipiens), sand flies (Lutzomyiz. 4ongipalpis), fleas

(LUiamanus itontanus) and ticks (Dermacentor variabilis and Ornithodoros
£ parkeri). The results obtained will represent the beginnings of the

data base required for accurate prescription of specific repellents

for use against specific vectors in a military emergency. Diethyl
toluamide and ethyl hexanediol are available within the military

P. supply system, and the remaining 6 repellents are available from
commercial sources. Testing of diethyl toluamide, zthyl hexanediol,
IndaloneR and dimethyl phthalate is well advanced, and testing of the

remainlng 4 repellents is well under way.

i The before-mentioned tests include the first known trials of any
repellents against Lutzomyia longipalpis (vector of visceral leish-
maniasis), iamanus montanus (vector of plague), and Ornithodoros
parkeri (vector of relapsing fever). Currently. testing against

Lutzomia longipalpis is more advanced. Of the 6 repellents tested
against this specieb to date, Indalone R and diethyl toluamide are~decidedly superior.

Except for a few minor reports in the foreign literature, the 8 repel-
lents have not been previously tested by modern quantitative mettiods.
In most cases, the median effective dosages were totally unknown, even
for a single vector species. Comparative persistence on the skin was
known only from ctudely measured 'protection times." In this respect,

15t



the present study provides data that are more definitive, as well as
more extensive, than an7 previously available.

Twenty coded repellent ccmpo-..s obtained from the U.S. Department
of Agriculture were tested against the mosquito AXdes ae.gyp.i during
FY 1977. These were subsequently determined to include 17 prospective
and 3 standard repellents. The ED0 of 8 prospective repellents were
better 4ahn those of the 3 standarl repellents. Dur!ng FY 1978 the
tests of the 8 ;uperior repellets were repeated, and the results
obtaited in FY !;Y7/ were confirmed. If additional quantities of these
materials can be obtained, they will be tested more extensively in FY
1979. The compounds in question include 4 quinolines, -operidlnes,
an oxazine and an oxazolidine.

During FY 1976-78, 101 new chemical compounds syathesized at the
Stanford Research Institute were tested for repellent activity against
Avdos aogypti. Vie ED eS of 31 of these compounds were better than
that of the standard repellent, diethyl toluamide. During FY 1978,
28 of the 31 were re-tested, and the superior status of 24 of those
re-tested was confirmed. These 24 prospective new repellent4 are
curt %ly being tested more extensively. The immediate goal is to
dete - ne the 4-h ED50 for Aedes aLVypt J of cach repellent. ThoseIaterlalu with better 4-h ED os are being further tested to deter-
mine their respective ED5s for Anopheles albimanus, Anop.eles
srephensi and Culox pipiens. it is aireaY appartnt that no single
repellent in the series is likely to prove superior for all .ipeci?.&
of mosquitoes to be tested.

CONCLUSIONS

Certain standard repellents not currently in the Army inventory may
prove to be superior for use against some Insects. Several prospec-
tive new repellentg obtained f'om the U. S. Depat =ent of Agriculture
and the Stanford Research Institute have given promising resuls in
tests against Anopheles, Aedes and Culex mo3quitoes.

RECOMENDATIONS

The old idea of a single all-purpose insect repellent should be
abandoned as a conceptual framework for the repellent development
program. Repellents can best be used solectively against different
vector insects in the &,e way that antibiotics are used selEctively
against different microorganisms.

PUBLICATIONS

SKINNER, W.A., H.T. CRWFORD, L.C. RUTLEDGE and M.A. WMUSSA. Topical
mosquito repellents, XII. N-substituted ure" and cyclic ureas, J
Pharm Sci (in press).
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ABSTRACT

PROJECT NO. 3M762772A810 Military Skin Disease

WORK UNIT NO. 016 Diagnosis and Prevention of
Leishmaniasis in Military
Personnel

The following inveotigations have been conducted under this work unit:

STUDY NO. 1 Serodiagnosis of American
Le i shman i asis

STUDY NO. 2 Impruved okin teat antigen for
the diagnosiN and prognosis of
leishtmaniagis

STUDY NO. 3 Immune mechanisms in leishma-

niases

STUDY NO. 1 The response to immunization against L. braziliensis
Was followed in rabbits by measuring antibody by enzyme-immuneassay
(ELISA), passive hecmagglutination (PIIA), complement fixation (CF),
and counter-current immunoelectrophoresis (CCIE). PHA and CF titers
were interpreted according to standard methods, whereas ELISA exact
titers were derived by the equation Y - a-b logX which describes the
straight line that results when absorbances are plotted against~test serum dilutions. Peak titer was measured at 32"1 days after

initial injection, irrespective of the assay method. Seven days
post-infection antibody titer was 1130 by ELISA, 0 by PHA and 8 by Cr.
Precipitln bands were shown by CCIE only at peak titer. With sera
from hamsters experimentally infected with Zosshmania, 94% showed
leishmanial antibody by ELISA, compared to 92% by CF and 65% by
PI A. Thirty-one samples of sera from human patients with cutaneous
lelshaaniasis were tested only by ELISA. Of these, 23 were positive
for lelshmanial antaibodies.

~STUDY NO. 2 Studies concerning the preparation, evaluation and
standardization of akin testing antigens for diagnosis and prognosis
of leishmaniasis were continued. Guinea pigs infected with L.
earletti produced sensitivity responses when tested with whole killed
promasttgotes or soluble antigens of L.. braziinsis. Mild positive

delabyed-type skin responses were dem~itrated 5 to 7 days after the
earliest parasite lesions had formed. Maxi um responses were obtained
when resolution of lesions had begun. 8 weeks after infection, and
were maintained for at least 4 additional weeks. The data suggest
skin testing mAy have potential .se for early diagnosis of leishma-
niasis.

STUDY NO. 3 Leishmanial antibody of the IgG iwmunoglobulin class was
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demonstrated in ti.e sera of 6 ha-usters 22 to 51 days after infection
with L. One animal showed both complement fixing
antibody and antigen before infection and 36 days after infection.
A secoud animal dew)nstrated both components only at 29 days post-
infection. Two animals infected with I.. donoz showed both compo-
nents 24 d:iys after infection. The data confirm results of earlier
experiments which suggested the occurrence of immune complexes during
infection with :. .?,[ . by the marked increase in anticomplementary

activity of sera from .', oo.,: infected subjects. The demonstration
of the simultaneoue occurrence of circulating .ntigen and antibody
offers an explanation for the formation of immune complexes.

.4.. . . . , . . .. . .. .. . . .. . . . .. .. . .. . . . . . . . . . . . ., . .. .. . . . . . . . . . . .. . . . . . . . , v . - ,, -
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BODY OF REPORT

WORK UNIT NO. 016 Diagnosis and Prevention of
Leishmaniasis in Military
Personnel

STUDY NO. 1 Serodiagnosis of American
leishmaniasis

PROBLLM

Standard serological methods are not sensitive and/or specific
enough to detect low-level circulating antibodies in the sera of
patients during or after infection with Leisluniania. A2 a consequence,
treatment is delayed until the appearance of a distinct lesion from
which a positive diagnosis can be made. The development ofta simple
reliable method for the serodiagnosis of leishmaniasis will permit
early treatment, thereby decreasing complications which may arise
from mucocutaneous or visceral involvement. The introduction of
enzyme-immunoassay (ELISA) has provided a method which is being
investigated for its potential usefulness as a tool for the serodiag-
nosis of leishmniasis. However, quantitative relationships in ELISA
need to be defined and established to arrive at an accurate and
reproducible assessment of leishmanial antibody in the sera of
immunized and/or infected subjects. This study was designed to modify
established serodiagnostic methods and/or develop new methodology for
the detection of early infections among military personnel serving in,
or returning from, endemic areas.

RESULTS AND DISCUSSION OF RESULTS

ELISA results are currently reported in the literature as absorbance
readings which are obtained at a single dilution of a test sample,
or as a titer obtained from the serum dilution giving a specified
absorbance. An assessment based on a single result may be misleading,
especially with multiple antigen-antibody systems in which, at all
dilutions, some may be in antigen excess and others in antibody ex-
cess. Thus, carrying out a complete titration and reporting ELISA
data in terms of exact end point titers decreases the chance of false
negatives and Is ?ore meaningful in light of accepted methods for
reporting and interpreting serodiagnostic resul.'. In our studies
with rabbits we noted that sera drawn oi different days after immuni-
zation with : seirja often gave end point nbsorbances of different
values at the same dilution of sera. Therefore, it was necessary to
derive exact titers to obtain characteristic and reproducible .antibody
response curvea.

In the ELISA, anti-leishmanial sera quantitated by incubating
serial two-fold dilutions in microtiter plates coated with leishmanial
antigen. Enzyme-labelled specific antiglobulin is reacted with
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the immune complex formed and a specific enzyme substrate is then
added. The entire complex is finally assessed by spectrophotometric
determination of the absorbance of the colored hydrolysis product
of the enzyme-substrate reaction. This absorbance is proportional
to the amount of conjugate specifically bound to leishmanial
antibody and is consistent with an immune reaction in which increasing
amounts of antigen precipitate antibody from a constant amount of
serum until maximum antibody is bound at optimum antigen-antibody
proportions, and decreasing antibody is bound at antigen excess. Thus.
absorbances in ELZSA represent antigen-antibody ratios in which con-

jugate antiglobulin is the antibody and leishmanial antibody is the
antigen. When these ratios (absorbances) are plotted against antigen
(test sera dilutions) a straight line results which follows the
equation Y - r logX, where a equals the intercept of the Y axis,
and b equals che slope of the line. Our data were applied to the
equation by deriving a and b for three or more absorbances obtained
in each serum titration and then adjusting all end point titers to
0.01 absorbance. ELISA baseline values for two-fold dilutione of
sera from normal rabbits, hamsters, and humans were established and
subtracted from corresponding dilutions of respective est sera.
ELISA exact end point titers were then derived by Y - a-b logX.

The derivation of exact end point titers according to the method
described above resulted in rabbit antibody response curves which
closely paralleleO those produced by passive hemagglutination (PHA),
and complement fixation (CF). However, the superior sensitivity of
ELISA was demonstrated by its early detection of significant antibody
and markedly higher titers when compared to measurements by PHA and CF.

Rabbit immune sera. The response to immunization with soluble L.
braziliensis antigen (LBOI6) was followed in rabbits by collecting
sera before and at frequent intervals after immunization and deter-
mining ELISA exact end point titers by the method described in the
foregoing section. PHA and CF titers were meastored sccording to
standard methods. The presence or absence of precipitating antibody
was determined qualitatively by counter-current imuno-electrophoresis
(CCIE). Antibody in two rabbits reached peak titer approximately
32 ! I days after Initial injection, irrespective of the assay method,
which suggests similar antibody was measured. However, antibody
measured 7 days after initial injection showed a titer of 1130
by ELISA, as compared to titers of zero by PHA, and 8 by CF. The
extreme sensitivity of ULISA was also shown by the marked differences
between peak titers measured by ELISA (20,000), PHA (480), and CF
(16). These differences were further amplified by the anaminestic
response in which an ELISA peak titer of 66,957 was obtained compared to
5000 by PHA and 20 by CF, 9 to 12 days after a booster injection. Pre-
cipitin bands were produced by CIE only with sera collected at peak
titer, 32 to 34 days after initial injection, and could not be dmonsra-
ted again until the peak anamnestic response.

Hamster sera. Sera collected from hamsters 3 to 44 weeks after infec-

tion with L. brazlliensis or L. mexicans were assayed for antibodies
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by ELISA, PRA, and CF. Forty-eight hamsters out of 51 (942) showed
antibodies by ELISA, 33 out of 51 (65%) were positive by PHA, and 36
out of 39 (92%) demonstrated CF antibody. A high degree of sensitivity
was apparent by the markedly high titers obtained by ELISA compared
to those obtained with PHA or CF. Furthermore, of 33 sera positive
by PHA, 17 were in the range of titers obtained with sera from some
normal hamsters, which questions the validity of a positive diagnosis
for these samples. Of 36 sera positive by CF. one showed a question-
able titer. It is also significant that in PHA and CF tests, anti-
body titers appeared to rem- a at constant low levels, whereas ELISA
demonstrated an increase in antibody through the 44th week after
infection. There were no significant differences between antibody
titers in sera from hamsters infected with L. braziliensis or L.
rexicana which suggests that LB016 antigen cannot discriminate between

*L. braziliensis and L. mexicana infections.

Human sera. ELISA exact titers were obtained with sera from humans
infected in Panama with Leishnania. The sera tested were from male
and female patients. 9 to 44 years of age, who demonstrated Leishmania
in skin scrapings and/or culture of skin scrapings. Of 31 sera
examined, 23 (74%) showed titers which varied from 5 to 3429. In
most cases, exact titers were calculated from titrations in which
all or most serum dilutions produced absorbances. However, seven
sera demonstrated absorbances in only one or two dilutions. In
these cases, the titer was taken as the highest dilution of serum
showing a net absorbance.

These results appear excellent when one considers that the human sera
were randomly collected 5 to 10 years before they were assayed and were
not identified relative to the time they were collected following
infection and cure, which may account for some negative findings.

The low PHA titers obtained with hamster sera are not consistent with
the narkedly higher titers usually obtained in our laboratory in PHA
determinations in which the antigen used is prepared by sonication
and extraction with isotonic saline. This suggests that our antigen
which was prepared with 3.5 M NaCl considerably decreases the antigenic
determinants necessary for an optimal PHA assay and/or that antibody
specific for predominant antigens in our preparation were lacking in
infected hamsters.

We are currently attempting to prepare and apply purified antigens
to ELISA in order to avoid drawbacks inherent with the use of mixed
antigens in a quantitative system. Nevertheless, our data support the
conclusions that the application of quantitative principles to the
sensitive measurements provided by ELISA with 3.5 M NaCl extracted
antigen, makes it an ideal tool for following the level of leishman-
Lal humoral antibody and for determining variations in antibody
responses among different individuals. In vitro and in vivo immuno-
tgenicity of antigens may be compared with greater sensitivity, and
the method offers a procedure for the precise standardization of
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conjugate and antigen reagents for serodiagnosis.

CONCLUS IONS

The micro-ELISA technique appears to offer considerable promise as a
rapid in vitro procedure for the serodiagnosis of leibhmaniasis. The
method is more sensitive thAn PRA, CF, or CCIE for detecting leishman-
lal antibodies ini the sera of immruna or infected subjects. However,
the sera tested does not permit conclusions to be drawn concerning
cross-reactivity. It is anticipated that further refinements in anti-
gen reagents will result in greater specificity and sensitivity. The
appeal of the ELISA is that it is similar in design to radio-immuno-
assay and appears to have comparable sensitivity without the problems
of unstable reagents or radiation hazards.

RECO%*ENDATIONS

Further investigations should be carried out to determine the extent
of cross-reactivity between leishmanial antigens and antibodies related
to diseases other than leishmaniasis. These studies should be extended
to include the biochemical and immunochemical purification and charac-
terization of a specific leishmania antigen to obtain optimal specific-
ity and sensitivity in the serodiagnosis of leishmaniasis by ELISA.

PUBLICATIONS

LUZZIO, A.i., McROBERTS, M.J., and EUI.ISS, N.H. Quantitative estimates
of serum antibody titers in the serodiagnosis of American leishmaniasis
by EI.ISA. Submitted for publication.

STUDY NO. 2 Improved skin test antigens
for the diagnosis and prognosis
of leishmaniasis

PROBL&4

Leishmanial infections represent a group of parasitic diseases encoun-
tered by military personnel stationed in endemic areas. Since immuni.y
to the leishhaniases is due principally to cell-mediated imms'ne respn-
ses, skit testing to demonstrate delayed hypersensitivity is important
to diagnosis and prognosis. Although skin testing procedures art;
widely used in eptdemiologir surveys, a universally acceptable skin
test antigen has not been developed and stanadardized. This study is
directed toward preparacion of a standard leishmanial antigen of known
tfficacy, potency, and safety which is suitahke tor skin testing U.S.
military perso.nl.

RESULTS AND DISCUSSION OF RESULTS

Skin hypersensitivity tests based on the Montenegro reaction (intra-

dermal injections of whole killed organIsms as a semis of eliciting
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delayed skin reactions in sensitized subjects) were used to evaluate
the ability of L. enriettii infected guinea pigs to respond to (1)

leishmanin (promastigotes of L. braziliensis suspended in saline

containing 0.4% phenol), and (2) soluble antigens of L. Iraziliansis
prepared by sonication and extraction of prosiastigotes with 3.5 H aCl.

In addition, experimental animals were observed to determine the devel-
opment of a period of optimum sensitivity, after infection, during
which skin test antigens may be evaluated,

In guinea pigs which developed lesions 7 to 9 days after infection
with 1xI0 5 L. enriettii amastigoteA, mild responses were elicited by

leishmanin or soluble antigen 14 days after infection. Soluble antigen
containing 3.2 ;igm total protein (TP) and injected intiadermaily in
0.05 ml volume produced a response which appeared to be comparable to
that produced 'y leishmanin, which consisted of Ixl06 promastigotes
or 4.3 Ugm TP 0.05 ml. The highest dose o! soluble antigen tested,
32 ugm TP produced significantly greater responses.

Intense delayed-type responve were obtained with Poiuble antigen con-
taining 32 ugm IT wlbfn healing of cutaneous lesions began (8 weeks after
infection). These responses were maximal at ?4 h after .:ntigen injec-
tion and were characterized by pronounceS induration, and e-ythema eith

central pallor. Skin tests az 10 and 12 weeks yielded responses of
equal intensity to those obtained az 8 weeks. Inoculation of antigens
into uninfectcd control guinea pigs produced msnimal non-specific

reactions which were not typical of delayed-type responsex. The early
appearance of delayed-type skin responses indicates the potential use-
fulnes of the skin test for early diagnosis of cutaneous leishman-
lasis. The responses elicited during early infection did not approach
the intensity of responses exhibited during the healing phase of the
infection. However, 32 .gm TP of soltble antigen evoked responses
during early infection vhich were of sufficient intensity to be clearly
recognizable and which were markedly great,!r than those produced by
leishmnanin. Evaluation of the potency of antigen preparations would
appear to be m st suitably performd during the period of stable and
maximal sensitivity at 9 to 12 weeks after infection.

CONCLUSIONS

L. enriettii infected guinea pigs exhibited delayed-type hyper-

sensitivity skin responses to antigen preparations of L. brazillensis
and may be useful models for the evaluation of skin test arrigens.
Delayed hypersensitivity skin responses to L. braziliensix antigens
appear to be maximal and stable from 8 to at least 12 wfeks after
infection and appear to be optimal for the evaluation of skin test
antigens.

RECOHMENDATIONS

The onset of dela)ed-type responses elicited by leishmanin and
sonluble ntigen should be established and rela.ed to the developaent
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of cutaneous lesions. The stability of skin sensitivity during the
healing phase of infection should be further characterized. The
intense responses obtained with soluble antigens suggest further
evaluation with purified antigens as a means of increasing _ensitivity
and specificity.

PUBLICAT!ONS

None

STUDY NO. 3 Immune mechanisms in
leishmaniases

PROBIM 4

Leishmoniases constitute a group of vector-borne protozoan diseases
among which some forms are mutilating and/or life-threatening to man,
At present, there are no adequate means to protect military personnel
required to operate in endemic areas. Immunization of troops before
their deployment will be one of the best means of conferring protection.
The long-lasting imunity conferred by healed cutaneous and visceral
leishmanlases shows the potential of vaccine research. However, the
many antigens of the organism present a major problem. These antigens
must be isolated, purified and characterized, and their capacity to
stimulate imunity must be ascertained in order to establish their
potential protective value. Also, the roles of cell-mediated and
hunoral immnity in these diseases remain to be clearly delineated.
The identification and characturizacion at circulating immune complexes
will add cnnsiderable knowledge in understanding the regulation of the
Immune response of the parasitized host. Prerequisite to this approach
is the necessity of e.tablishing that immune complexes do indeed occur
in 16ishmaniasts. The present study is designed to explore immunity
in leishmaniases to provide a better understanding of the mechanisms
involved.

RESULTS AND DISCUSSIONS OF RESULTS

In this study, blood was collected from hamsters onc2 before infecti~n
with L. braz.1,ensis and at frequent intervals thereafter. Cama
globulin was then separated from the scra and passed through a Sepha-
dex G-200 gel filtratiov column at pH 10.5 to elute antigen-antibody
components dissociated from immune complexes. The eluted fractions
were then tested for leishmanial antigens or antibody nnd inti-comple-
mentary activity by microtiter complement fixation.

Of six animals with cutaneous leishaniasis, all showed letshwAnial
antibody of the IgG "amunoglobulin class 22 to 51 days after infection.
Antigen and antibody were detected In the sera of one animal before
infectfon and were not detected again until 36 days after infection.
A second animal of this group showed both coaponents only at 29 days
after infection. Both of two animals infected with L. donovanl showed

168



antigen and antibody in &era collected 24 days after infection. How-
ever, even though free antibody was detected in some fractions of
eluted gamma globulin, the presence of frt, antigen was not confirmed
because of anticomplementary activity of the fractions suspected to
contain leishmanial antigen. The data indicate that immune complexes
may not have dissociated by gel filtration at pH 10.5, or that dissoc-
iated components of similar molecular weights were eiut4O in the samie
fraction. In the latter case, it is likely that timune Complexes were
re-established when the pH of the fractions was readjusted to thepH (7.4), required for carrying out the complement fixation test,

thus rendering such fractions anti-complementary.

The data support earlier work in which Immune complexes of unknown
composition were found in the glomeruli of human patients with visceral
leishmaniasis and confirm our earlier work in which the presence of
immune complexes in sera from hamsters infected with L. mexJCacfA va,
suggested by the marked increase in anti-complementary activity. In
addition, the evidence suggests that Itishmanial antigen and/or aati-
body may be detected separately or simultaneously in the sera of
infected subjects. rhe findings are consistent with the hypothesis
that chronic parasitemia results in persistent shedding of antigen
into the circulation whereby free antibody is bound in immune com-
plexes.

ODNCLUSIONS

Leishmanial antigens aad/or antibo~y were detected simultaneously cr
separately in the sera of experimentally infected hamsters. This
finding confirms our earlier studies in which the presence of circula-
ting immune complexes were indirectly demonstrated by the marked
increase in anti-complementary activity of sera from il shmania
infected subjects.

RECOMMENDATIONS

Studies of the immune respo-nse to infection with Leishmania should be
extended to include the detection of specific antigen and/or antibody
by enzyme-immunoassay. This will eluinate problems inherent with
complement fixation and provide significantly greater sensitivity.

PUBLICATIONS

None
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ABSTRACT

PROJECT NO. 3H162172A810 Military Skin Diseases

WORK UNIT NO. 017 Area Repellents for Collec-
tive Protection of Troops
from Vector-borne Diseases

Protection of troops from vector-borne diseases is essential to
maintaining an effective combat force. Repellents currently
available for use by military personnel are not totally effec-
tive nor readily accepted by the user. Methods for testing com-
pounds for area repellency have been developed, and a series
of materials has been tested in the laboratory for biological
effectiveness against the yellow fever mosquito, Aedes aegypti.
The most effective natural products tested to date have been
geraniol and citronellal. The most active petroleum fractions
have been identified as substituted napthalenes.
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BODY OF REPORT

WORK UNIT NO. 017 Area Repellents for Col-
lective Protection of
Troops from Vector-borne
Disoases

PROBLEM

The need to protect the military population from vector-borne
diseases is essential for the maintenance of an effective ccmbat
force. Arthropod-borne diseases continue to be major heitlth problems
to military forces in overseas areas where troops are, or may be
deployed, and wher endemic foci of disease exist. The use of
repellents appear- "o be the most practical means of inter-
rupting arthropod-borne disease transmission, especially diseases
ior which vaccines or chemoprophylactic drugs are not available.
The development of an effective area tepellent could protect troops
in areas of increased personnel activity without the disadvantages
and shortcomings of skin repellents currently available in the
military supply system.

RESULTS MD DISCUSSION OF RESULTS

Methods for the testing of candidate compourds for ar..a repellency
have been ueveloped utilizing a 60 x 60 x 60 cm Plexiglas -screen
cage and suckling white mice. Candidat. 'ompounds in the folli;ing
categorius, which have exhibited area repellency in literature
reports, have been procured for testing: (1) natural products,
0,?) petrole,|r distillate fractions between kerosene and fuel oil,
And (3) repetllents currently used for topical and cloth app,'f¢ation.
A series of 21 uatural products and retroleum-based materials
ha been tested in the laboratory for biological effectiveness
against the yellow fever mosquito, ,e4c,, ao.,t,rt'. The most effective
ot the natural products tested to date have been geraniol and citron-
ellal. The most active of thi petroleum fractions have been identified
as svbstituted naphthalenes.

CONCLUSIONS

Laboratory testing of candidate compounds indicates that the

concept of area repeil.ncy is feasible under t.ertain environ-ental
con t , -ns.

RE V.OK ['N IT IONS

Laooratory testing of candidate compounds against '--de's aegypt! should
be cititin-et4 rnd th testi-ng proceiluref should be expanded to include
Ano,;,elva otaphanoi An,. zlbmitt, as..L C'uZex pipenq. Field testing of
the compounds exhibiting thp highest b. ological activity in laboratory
tests shoul/ oe initiated.
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P:OJiCT i.o 3.62177Aoll Militarv .lutration and Food 3tygione

'A." UWIT .,0. WOL Iutrition Studies in Sunport of O0
Food Programu

Tae folloidne investigations have been conducted uder this work unit:

.MUY iO. 3 :4utritinn survey at Loring AF.3, Miine

STUJY :10. 4 *;utrition survey at .aval Air :tation, Alameda

Ai)V'_DWt A P!%aae II of study to evaluate changes in nutrient
intakes after renovation of dining facility aid
!i, tiation of a la carte feeding svsten

A )DENIDUM, i Phase III of study to evaluate the biochemical
and clinical indices of nutritional status and
survey food intakes (in dining hall, other sources,
and total) of sailors on the CRAT a la carte

, ivsten

STUY J1. 5 A eries of nutrition surveys to evaluate the effects
of changing feeding v tets (to an all COHA'r/a Ia
carte svstem) at Twetitynine Palms, California, upon
nutrition consumption and nutritional status of the

Mtaritie

SIUjY jo. 6 A before-and-after series of nutrition surveys to
evaluate the effects of nodifications to :Savy food
service systen afloat on nutrient intake

STUvY *). 8 Lv:luatiott of the ACI and 'IE rations as the sole
subsistence for an extended period

STUUY .o. 9 lutrient intake data systen, development and main-
tenance

STUDY :40. 3 A study of the nutritional impact of initiating an all
HAS/a la carte iten pricing system of feeding enlisted personnel was
conducted at Loring Air Force Base by nonitoring average food intakes
and wastes, and obtaining individual tray inventories from each patron
before and after initiating the new system. An Institute Report was
published comparing average nutrient consumptions and food wastes before
and after implementing this feeding systen. Computer prograust-g and
data verification of the individual tray data were completed, and total

nutrients for each tray and for each person during the individual stud-
ies have been computed and are being statisticaly analyed. These
data will provide for a thorough evaluation of the effects of the food
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service changes upon the nutritional intakes of theme patrons.

STUDY NO. 4 An additional study of the effects of a BAS/cnih a In
carte foeding systet on the nutritional adequacv of enlisted personnel's
diet was conducted at Naval Air Station, Alameda. Dietary diary-inter-
view data from the conventional and the cash a In carte systems have

been evaluated and an Institute Report has been submitted fnr publica-
tion. Computer prograrning and data verification of individual tray
inventories from two 17-day studie, of the dining hall are progressing.

STUDY NO. 5 The initial report summarizing the 'rient intakes of

the enlisted 4artne population at the Twentynine 'alms Marine Corps
Base, California, prior to food service system moJification has been
revised and reviewedt again. Revision included further statistical
analysis of the data and inclusion of demographic and anthropometric
data. The reason(s) for the reported low energy intakes of the Marines
(FY 77 Annual Progress Report, pp 202-204) remain(s) unknomn. None of
the Marines in the study population was below the ailitary weight for
height standards, and the percentages of body fat were within the nor-
mal range. A protocol addendum has been written and approved to inves-
tigate the energy requirements of the Tventynine Palms Marine population.
Plans have been formulated for the second nutrition study to assess the
nutritional impact of the food service system changes implemented by
NARADCOM on the enlisted personnel.

STUDY NO. 6 The analyses of the dietary., dermgraphic, and anthropo-
metric data obtained from 203 Naval personnel messing afloat have been
essentially completed. Pecommendations to improve the nutrient intakes
and nutritional health of sailors at sea have been incorporated into
the nev fast-food service system being tested on the ISS Saratoga. It
is imperative that a follow-up study be conducted to evaluate the effec-
tiveness of the nutrition intervention program end the overall nutri-
tional Impact of the new system.

STUDY NO. 8 A protocol was prepared to determine how long pernonnel
could subsist upon present and future combat rations, vhat the nutri-
tional, physiological, and psychological effects of long-term (up to
90 days) subsistence on rations would be, and how to improve or supple-
ment these rations to assure that personnel's health tould not be detri-
mentally affected by sole subsistence on rations. This study cannot be
initiated unde- present budgetary restrictions.

STUDY NO. 9 Nutrient Intake Data System (NtDS) is a system of computer
program for calculation of nutrient contents of dining hall mals and
of the total daily intakes of individuals. The major programs of the
systen have been completed or 'are nearly cnmplited, and several parts
of the system havs been used through "one-time" program to accomplish

-V specific goals. The LAIR Nutrient Factor file was extensively updated
by adding the concentrations of cholesterol, protein from enimal/plant
sources, and fat from animAl/plant/marine sanrces contained in
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approximately 2501 food items. A significant number of vitamin E,

vitamin WS, vitamin 312, folic acid, magnesium, 
copper, zinc, manganese,

pantothentc acid, and fatty acid 
values were added to the file also.

*17

a

I'

177 
:

A .2"' " 

75



IM)DIY OF REPORT

WORK UNJIT 30. 001 Nutrition Studies in Sunport of 0OO0
Food Program

srUY :;o. 3 ,lutrition Survey at Loring AFB,
'faine

PROiULL.M

The health, combat effectiveness, physical fitness and performance
capabilites, ,and mental functioning of militarv personnel are affected
by the nutritional status of the individual. Forrrlv, our nilitarv
torces were :asured a nutritionallv adequate diet by the provisions
of well-balanced meals in the dining halls, which were the rlt|or source
of the soldier'n food intake. As the enlisted personnel hecame more

affluent and had greater liberties under the concents of the Modern Arm,
the contribution of the nilitarv dining halls to his/her total nutrition
decreased. To counteract the reduced utilization of militarv dining fa-

cilities, tle militarv services began moderniving the feeding svsten.
Included in the chanr.es were menu alterations which gave miniral con-
iiderations to the nutrition. adequ.cv of the diets. One of these new
feeding concents that 1-4 favored by te Air Inrce is the HIA-/a Ia carte
(iten priced) ivqtem. Thiq concept was tested at Loring Air Force Base,

and L\lt wae, requested to evaluate the adequacy of nutritional consumn-
tions that would occur with til new feeding q item.

RKS ;i.rS ,rr ) ':i-::si.i,).; OF Rt.SL!.rS

io determine the effectq o" citang;ing feeding ivstens unon nittritional
bal.ance of n.alt consurmd. 2 itadieq ver conducted at Lorinp Aril.

A 3-%Lav evaluati n of the convention.l N.eding syaterm uan conducted
in October 1914, .nd a 5-div study of the BiAS/a Ia carte svsten was
done in .Jovember 1975. An Inntitute Report comparing averare nutrient
consu ationq fro- lining hall meals waf nublished in lecember 1oM. In

audition, the Air rorce took ,hotograni~a of all individual tra.,s of food
during both of these studies and nrovided conies of these filus tj LAIR.
Vietitians extracted the information on individuals' food selectiona and
the I)epartnent of Informration Sciences nrovided prorraiuning and data
processing to obtain nutrient consumptionx for each verson eating in the
dining hall. These data are being; statistically analvzei and wiii be
publisited as aviother report.

CW.ICLUS WAiS

The conclusions from the evaluations of avnrapp meals consuned in the

dining hail were presented in the FY 77 Anneal Progress Renort and the
Institute ,Report 1o. 48. file results of the individuals' nutrient con-
sunptions are bzllng evaluated and are not tet available.
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The BAS/a in carte feeding svstet2 should not be broadly expanded until
moro studies have been evaluated. Further recommendations for improve-
ment of this feeding concept should be forthcoming from the evaluation
of individuals' f ood and nutrtent intakest.

STUbY AO. 4 autrition Survey of the Aaval Air
Station, Alameda, California

AUDsirU'1 A Phase It of study to evaluate changes in nutrient in-

takes after renovation of dining facilities and initiation

of a Ia carte feedint nvsten

A:)DE.II)A7 . Pha.qe III of study to evaluate the 'biochenical and
clinical indices of nutritional qtntus and survey food in-
takes (in dining hall, other sources. and total) of -ailor
on the CO",Ikf a la carte svtten

PROISL!A

(Saree aq for Study No. 3, and in addition) The 1Dpartment of Defensa
directed all services to test the all COHRAT (BAS)/cash a I, carte
feeding concept. The iavv Food :;ervice System Office nub itted a
requirenent under OPAAVIST JqOO.26B (AR 70-3) for an evaluation of 3:avv
feeding systens, and Aatick Arnv Research and Develonnent Cormand (.4AMI)CO1I)
responded to this requirenent and requested that LAIR conduct a nutritional
,valuation of the %vnters in conjunction with their studies.

RESULTS MU I~ fSCUSSVM~ OF RU:SU1;rS

A nutrition study was conducted at aaval Air Station, Alameda (AS/
, Nneda), California to evaluate the nutritional impact of conversion
from nhe exinting mixed ration-in-kind (RIK) comuted ration (CO'YMAT)
standard dining hall svsten to an all-CM'!AT rash a In Carte svstem.
Phase 1 wa.i conducted in M!arc)h 197) to study the existing mixed P.1K/
CO:I%\r system. Phase 2 wis conducteu in June 1976 4K an interii
3tudv following conversion to the Cash a ia Carte system which was in-
plerwcnted on I ,arc!., 197b. Piase 3 was cnnducted in August 1976,

following a 5-month stabilization period, Phases 1 and 3 encompassed
dining hall, biocheiical/clinical, and total dietary intake aspects.
Only the total dietary intake aspect was assessed in Phase 2.
Dining hall attendance, nutrient intake per dining hall meal, and
total daily nutrient intake data were obtained by a diarv-interview

technique from "5 male enlisted personnel. An previously reported
in IQ76 and 1977 Annual Progress Reports. the increased rate of dining
hall utilization by single and married COIRAT status personnel did
not completely co"menstte for the marked deirease in utilization by
RIK personnel converted to COXRAT status.
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The major nutritional impact of the item-pricing policy was to reduce
milk and mlk-product consumption markedly and, consequently, ,lcium
and riboflavin intakes per dining hall meal. Iten-priclng also
reduced citrus juice and citrus fruit consumption and, consequently,
ascorbic acid intakes per dining hal meal. The average energy, pro-
tein, phosphorus, iron, and thiamin intakes per dining hall nseal also
decreased. Ita-pricing and modifications to the mnu ware not
effective in reducing the percent of calories derived from fat sources.
Although nutrient intakes per dining hall meal decreased under the
new system, the mean intakes (with the exception of energy) still
et or exceeded one-third o#f th* military daily allowances for these
nutriunts.

The Cash a la Carte system had an undesirable nutritional impact upon
the total daily nutrient intakas of former RIK personnel. This was
doe to the combination of reduced dining hall utilization and re-
duced nutrient intakes per dining hall meal. The total daily milk
and milk-product consumption oI! the RIK group markedly decreased with
a corresponding decrease in calcium and riboflavin consumption. Further-
more, the percent&" of RIKs vith calcium and riboflavin intakes below
the tecommnded daily alloances Increased after inplementation of
the Cash a la Carte system. The changes associated with item-pricing
did not significantly affect Ile toLal daily nutrient intakes of single
and married personnel on C0K T because these groups consumed less than
122 of their daily calories in the dining hall.

Significant progress has been made in developing computer progrm to
process the individual in-dining hall food selection and plate vaste
data obtained during Phases 1 and 3 of thio study. This large votume
of data (approximately 35,000 individual meals) has required an
extensive data verification effort vhich is nearing completion. The,"
individual trsy selection and waste data, when coupled with an awaya4
of the clinical, biocheical, and anthropometric data will cotribute
to a more extensive and complete evaluation of the nutritional impact
of t. e Cash a la Carte systea.

The conclusion that conversion of all R1K personnel to COMUAT status
will markedly reduce dining hall attendance, as observed at 3IASIAimda,
can be projected to other military installations that offer many readily
available alternative food outlets, A decline In dining hall utitize-
tion is a potential threat to the training base for food service
ersmnel necessary for feeding afloat. Decreased dining hall

util:ation WOO a primary factor contributing to the lees thaa desirable
nutrient intake patterns of the RIK group after conversion to COMRAT
status. Item-pricing of milk in the dining hall at a price identtcal
to that of less nutritious copeting beverages reduced mdik consumptio4
and subsequently reduced the total daily calcium and riboflavin intake.
of patrons who consumed a substantial number of meals in the diuing ba1).
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RECOI4RWATIONS

We rOCOmnd a discetinuation of converting all RIK status personnel
to COHRAT status. Mowever, item-priclng could be used to promote ta-
proved food habits and nutrient intakis.

STUDY KO. A sries of nutrition surveys to
Yevaluate the affects of changing

feeding systems (to an all CO MT/a
la carte system) at Twantyntn. Palms,
California upon nutrient consumption
and nutritional status of the Marine

PROBLKM

The egfects of changing feeding system upon nutrient consumptions and
nutritional status of the Marine wera evaluated to a&sure that his/her
military capabilities are not advarsely affects' b 1or nutrition.
Any change in the feeding system has the poter'-il ^' influencing the
nutritional status of personnel. The Marine Corps submitted a require-
umt to the DOD Food ADT 4 Mng Program for an analysis of the food
setvice system at Iventyuina Palm Marina Corps Base. The analysis
was to include alternatives for improving this system. Operational
Research and Systems Analyses Office (OR/SA) of NAIADCa) is conducting
a teat of a new system (several types of dinins facilities, e.g., A-
ratiop dining halls; short-order dining halls, steak houses, and
specialty houses serving ethnic foods). The test is a multi-year

fort with individual goals of changing dicors of dining facilities,
updating kitchen equipent and cooking methode, sodernizing serving
concepts, and evaluating Marine orps operation of the systom after
test personnel have relinquished control. A definitive evaluation of
the nutritional impact of the new system upon the Marine would require
a sere of suwvys, one of the conventional system for control data,
and one after each goal hat been attained.

RZSVLIS AND DISCUSSION OF RSULTS

Total d4aily nutrient intake, nutrient intake per dining hall mal con-
SuMd* and dining hall attendance data were obtained by a diary-
interview technique fron 279 male and 36 female enlisted personnel
during a nutriton study conducted at Twentynine Palms Marine Corps aes,
Calitornia during March 1977. Thin inforo-ation viii serve as base-
line data to measure the nutritionl impact on Marine personnel of
food oervice system chanses designe4 to impro customer &cceptance
and atilixation. The results of this study have been revised and
reviewed, Revision included further statistical analysis of the
data snd inclusion of demographic mad anthrpoptric data,

Only one of the grop. In tWt diary-itervew portion of the study
reported daily energy intae& adequate to met the military energy
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allowances established for uoderar.ely active persons livinn in a
teiijerate environnent. Bet'een o and 85L of the personnel of the
other four g;roups were 500 kcal or more below the allowance, done of

the !Iarines studied were below the tilitarv xiight for height standards,
and although the percentages o, body fat were significantly lower than
values of nreviously studied militarv ponulations, they .ere withtin
te normal rang-e. However, since energy expenditure and weight chringe

were noL monitored during the first study, the reason(s) for the low
energy intakes is(are) unknown. The accuracy of the reported energy
intake values is critical to the interoretation of the other nutrient
consumption values. Therefore. in order to evaluate the M.arines' total
daily nutrient intakes, and in order to nronose valid reconner.ations
ba:;ed onl thtis evaluation, energy expenditure and weirht change will be
studied in future Twentvnine Palms nutrient intake studies.

In addition to reported low enertv constontions, between 20Z and 60:
of tile population consumed diets low in vitamin A. The diets of the
women were low in iron, Protein, and thiauin for 78Z, 33Z, and 20Z,

respectively, of the group. Approximatelv 2f) of the Rations-in-Kind
(RI) personnel from the Force Troopo units consumed diets with low
thiaain density. Average dining hall utilization was between 40% and
504 for RIK men, and 28" for RIK women.

CONMcLUSIOA. S

Results of the study and the su"gCested nenu noeifications to elevate
vitamin A content and lower the percentage of fat calories in the
meals served in the dining halls have been communicated to :ARMDC
and to the "wentvnine Palms l.arine Food Service Svtem Officer. However,
the food service is limited in its copabilitv to improve the nutrition
of individuals. If nutritionallv adequate and acceptable food is
provided, it then becomes the 1.arine's responsibility to improve his/
her nutrition. A .1arine program to provide nutritional guidance in
altering food selection and foo-i habits must be develoned for Marines

in order to correct and prevent nutritional problems.

1. Energv requirements of nale and female .- irines at Tentvnine Palm
Marine Corps base should be investigated.

2. Tim vitanin A content should be increased and the Percentage of fat

calories should be lowered in meals provided by enlisted dining hall

facilities.

3. Iron supplements should be free and easily available to the fc'ale
population and their use encouraged.
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4. Increaned usage of base dining hall facilities by RIK~ versonnel,
particularly the women, should be encouraged.

5. A Itarine Nutrition Lducation and Awareness Program to prevent and
correct individual nutritional problems should be developed.

tion survevs to evaluate the effects

of modifications to Navy food service
svstems afloat on nutrient intake

Chc Department of the Navy reqiuested. that a study be condlucted aboard
a rorrestal class Aircraft carrier to define the problems that exist
w:ith Javy afloat food service systens. Thev requested that qualitative
and quaititative alternatives to the exitsting system be develoned to
achieve imnrovetients in user acceptance, greater efficiency in onera-
tions, reduced costs and mainpower requirvnents, and that architectural
aind design concepts he proposed to improve the total food service en-4
vironment. NAMADCWI1 has implemented a test of a fast-food service
system in the forward p'alley of the USS Saratoga as a nolution to some
of the problemsi t-f food deliverv. 1A11 ine.~ conducted a study of the
adequacy of the nutritional intakes of the crew orior to modification
of the food service SVI;LeM. There renainq the reqiuirement to evaluate
the nutritional inpact of the new n-vnten whtich. if accented for use
.;avy-wide, will affect 112,W0) enlitsted personnel nessing afloat each

RFSULTS &WJ nlSCS(:,1O:i OF RESULTS

Tix- July.-August 1977 nutrition survey. conducted aboard the USS
Saratoga during operations in tite lc'Jiterranean area, Identified st
tiur!er ef areas of nutritional concern that exinted prior to modificea-
tions of the food service s-:9ten. fhese concerns included;-

f aec ships- supply of nill. was deoleted afrter 4 to 6 days at sea
due tL insufficieut chill qnace. rhe lacl. of nilk directly contributed
to an Increased incidence of low and narjinal calcium, riboflavin, avid
vitamin A initakes.

oleals (no.ntly short-order) offered anid cansuned In the Fortard
Galley were low in vitarin A and vitmiin C. Poor food habits
iinfrequent consumption of dark-Creen and vellow vepetables and citrus
fruits) of some individuals also contrihaital to a relatively high
incidence of low and Tmrgtinal intakes of certain nutrients, especially
vitatiii A.
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Twenty percent of the ship's company reported consuming diets low
in vitamin A and 8% selected diets low in vitamin C. Low v.tamin A in-
takes will increase the risk that some Individuals may develop problems
with night blindness and dark adaptation, and impair their abilities to
perform duties in darkness (night flight operations). Low vitamin C in-
takes may limit the capacitv to cope with severe stress and may slow
recovery from disease or injury.

The body weights of 25% of the studied population (203 enlisted,
E-6 and below) exceeded the BUMED weight for height standards.

CONCLUS IONS

Results of the study and recomendations to improve nutrient intakes and
nutritional health have been comunicated to Nav Food Service Systems
Office (NAVFSSO) anti the USS Saratoga. A number of these recommendations
have been incorporated into the new fast-food service system being
tested on the USS Saratoga. LAIR and NARADCOM oersonnel have col-
laborated to try to enhance the nutritional quality of the fast-food
type nenu with a progrram of menu expansion and nutrient fortification
of selected food items. The milk avatlability and vitamin A problems
will be addressed by offering a low-fat wilk shake, reconstituted aboard
ship from a dry. shelf-stable mix, fortif.ed according to LAI^.l and
NARADCO4 specifications, to provide 1800 IU of vitamin A per serving.

This product is predicted to reduce mArkedlv the incidence of low and
marginal vitamin A intakes and to promote adequate intakes of calcium
and riboflavin when milk .tpplies are depleted. Fresh green salads will
be offered At all Forward ,,allev dinner and suoper meals; however, the
acceptance of this product and its beneficial effects upon vitamin and
mineral intakes will be limited by the quality, quantity, and variety
of produce available, and bv the food habits of ie individuals. The
use of beverage base fortified with vitamin C fo preparing non-carbon-
ated beverages, and offerints of citrus fruits and citrus juices at
Forward Galley meals will be used to improve vitamin C intakes. There

has been little progress. however, in establishing and implementing a
Nutrition Education and Awareness Program that will effectively improve
food habits and deal with the problem of developing obesity. None of
the involved organizations (VIA'FSSO, BUMID, NARADGOM, OTSG, NRDC, or
LAIR) appear to be willing or adequately staffed and funded to develop
such a prokramv. The Secretary of the Army is responsible for develop-
Ing nutrition education prottarm for use by the Services.

RECOMENDATIONS

1. It is absolutely essential that a follow-up study be conducted after
Implementation of the new fast-food service systen in the Forward Galley
of the USS Saratoga. This study should answer the question of whether
a fast-food service system forward will improve, have no effect, or have
a detrimental effect upon nutritional health of Navy afloat personnel.
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2. Based upon the findings of the follov-up study, recomendations
should be made to the Department of the avy on what aspects of the
test system should be ivqilemented on other ships in the fleet.

I 2,. A research effort should be initiated at LAIR to develop an affec-
tive utrition Education and Awareness Prog~ram.

STUDY o. 8 Evaluation of the IICI and MRE
rations as sole subsistence for
an extended period

PR'hJLA2

,ic long-term study has been conducted on the use of either the present -?

:iCi or future MRE combat ration as sole source of subsistence; however,
military contingency plans for the future include this concept. Although
each meal of these rations contains at least one-third of an adult's
allowance of all snown require. nutrients (excluding water) when pro-
cured, both rations are comprised of only 12 meals and long-tern stabil-

* ity of some vitna ins are not assured. With only 12 eals available (and
food preferences of the individuals iould reduce the number accentable
to him or her), the menu would become nonotonous and total nutrient con-
suootions would be expected to be drastically reduced. Deterioration of
labile vitamins could result in nutritional dficiencies in the consumer
that would adversely affect his/her mental and/or physical performance.
Therefore, it is imperative that this study be conducted before we have
a military operation with only rations .Ivailable. Excessive casualtea
due to inadequate nutrition nay conipronise the entire operation.

u.LSULTS AND UISCU'SSIOl OF RESULTS

Further prog.ass on this study is awaiting the availability of the
new ,16tE rations and the status of funds for this project area.

CO.LCLUSIO.4S AA41 RECO.'i1rN.DATIOAS

A long-tern feeding study with each ration as the sole source of
subsistence should be conducted. Personnel's food consumption,
nutritional status, body weight and composition, cental and physical
capacities, and military performance of duties should be monitored.
This study should be conducted before ra4ions are accepted as the
only food avilable during a i2ilitary oneration.

STUDf A. 9 ;utrient intake data %vstem,
develonrent and naintenance

PROBLEM

A nutrition study includes a detailed monitoring of foods consimed
by individuals And groups, in military dining facilities and away I
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from them, both fro, observations and from the analysis of dinries
kept by individuals. The analyses of these data require the use of
a computer because of their large volume and complexity. Prograns
are needed to maintain files and process data collected during studies,
aaintain files of nutrients in foods, and to calculate nutrients con-
sumed. The validity of these nutrient calculations depends upon current
information on the foods consumed. Therefore, considerable updating of
the nutrient factor file is needed to reflect additional foods and the
latest information, both from published values and from laboratory
analyses, on nutrient contents of food items.

RZSULTS AND DISCUSSION OF RESZTTS

Two major efforts have been ongoing in this area. computer programing
and updating the nutrient factor file. A syster of programs (Table I)
has been designed for data base management and for nutrient calculations.
Some prograes have been completed and others are being coded and tested.
IIDSNF was completed first, since data calculations require a file of
nutrient oncentrations. NIDSDB has been completed, although it needs
major molfications to increase its utility. Programs that are nearing
completion are 4IDSDH (will require major modifications to utilise

LAIR-analyzed data), NIDSGC and NIDSDR. Programs which have not been
started are NIDSTI, NIPSPW, NIDSIS, MIDSIC, and NIDSSC; however, most
of these have been simulated with "one-time" programs and system librar-
is to process specific data. The programs that have been completed
or are nearly completed represent the major programs of the system and
the majority of the total effort. The nutrient factor file that is
maintained by 4IDSNF has had several recent enhancements (Table 2).

This computerized file describes approximately 250 food items, including
nutrient concentrations. These data were derived from standard food
composition handbooks, published literature, in-house laborato-y analyses,

and food manufacturers. The file requirs continual input for maintenance
of accuracy, revising old values, and the addition of values for new
foods. During FY 78, complete nutrient files were established for cho-
lesterol, the quantity of protein from animal/plant sources, and ',he
quantity of fat from animalfplant/marine sources. A silnificant number
of values have been added to the file for vitamin E, vitamin B6, vitamin
312, folic acid, magnesium, copper, zinc, manganese, pantothenic acid,
and fatty acids. In addition, a master recipe file was established to
utilize recipe data to calculate nutrients for a specific food dish
when values were not available.

CONCLUSIONS

The Nutrient intake data system (RIDS) is nearing completion with the
major programs either completed or nearly completed. The nutrient
factor file has been updated with the most current nutrient values and
additional new foods. Therefore, future nutrition investigations can
be evaluated with greater efficiency and results will be the most cur-
rent available.
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RECOMMENDATIONS

1. The remaining prolrams of NXIS should be completed and the system
evaluated for efficiency and versatility for all cypos of nutrition
studies.

2. The nutrient factor file should be continually updated and expanded

as analyzed nutrient values become available.

3. Annual editing of the file should be continued to maintain accuracy.

4. Users should be encouraged to utilize this file in their programs.
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Table 2 - Enhancements to the LAIR Nutrient Fictor File

PROXIYATE A.ALYSIS

Total animal protein Total lipids Alcohol

Total plant protein Total animal fat (non-fish) Dietary fiber

Total fish fat Sucrose
Total plant fat

A.4I%0 ACIDS

Tryptophan Valine Aapartic acid
Threonine Iist idInc ,lutamic acid
I so I euc ine Arginine Tyrosine
Lcucine Cy teine Proline
Lysine Cystine !Iydroxyprl ine
?kethionine Alanine Ferine
Phenylalanine Clycine ,

FATTY ACIDS

Total Saturated Poiyunsaturated Cholesterol
4:0 18:2 Phytosterols
6:0 18:3 Total ?inouns&turated
8:0 18:4 16"1

10.0 20:4 18.1
12:0 20:5 20.1
14:0 22:5 22.1
16:0 22:6
18:0 Fatty acid ratio

(Pol yunsa tura ted/Sistura ted)
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all military personnel. The investigations are aimed to provide increased knowledge
concerning (a) nutritional requirt -nto, (b) nutrient content of nodern military foods,
and (c) effects of certain food or food items on netabolism.
24. (U) Through use of animal experiments and controlled human studies, we will seek
to (a) define the nutrient requirements of military personnel in terms of age, sex, and
activity levels; (b) establish the nutritional parameters essential for military
personnel to peeforn with maximum physical and mental capabihtv under all enviromen-
tal and military stresses; (c) develop methods for determining nutrients and biochemical
components in blood, tissues, urine, and foods for application in military medicine,
nutrition surveys, and rations studies; (d) dvelop techniques which reflect the
nutritional status; (e) deteraine whether or not various stresses, diseases, or injuries
increase nutrient requirement.
25. (L) 7o 10 - 73 09 Procedures were developed for the measurement of brain
catecholanine without vitamin C interference, for the measurement of whole blood
vitamin C by oxidation reductio.i methods, for the micro-deterainstion of copper, iron
and total iron, and for the measurement of tissue vitamin C metabolites and riboflavin
dc.rivatives. The biochenical mechanism of anemia in scurvy was investigated its
se~ara:ze experinents, by determining the influence vitamin C has on folate status,
cc:=er and iron status, and hem degradative pathways. Interrelationships between
Lrain catecoolamine and vitamin C. copper deficiency-vitamin C status and serum

........... . .. :...... ..... ce .i d it vitanin C requirement of monkeys was investigated.
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ABSTRACT

PROJECT NO. 3H762772811 Hilitary Nutrition and Food lygiene

WOPK UNIT NO. 002 Nutritional Requirements of Military
Personnel in Health, Injury and
Disease

The follcwing investigations have been conducted under this york unit:

STUDY NO. 1 Requirements. functions, interacttons and metabolism
of ascoibic acid (vitamin C)

STUDY NO. 2 Riboflavin - metabolism and analytical methods

STUDY NO. 3 Pharmacology, toxicology, interactions and functions
of nutrients

STUDY NO. 4 Evaluation and developnent of procedures and
techniques for the assessment of the trace mineral
nutritional status of military personnel

STUDY NO. 5 Nutritional iron deficiency

STUDY NO. 7 Techniques to evaluate nutritional status of humans

STUDY NO. 1 The role of vitamin C was studied in guinea pigs and 3

monkeys. In the guinea pig, vitamin C deficiency results in elevated
ast- copper and ceruloplasmin and liver copper levels. However, iron
dependent functions like liver cytochrome P-450 and cytochrow bS and
liver iron levels as vell as blood hem were decreased. Vitamin C
deficienc7 in guinea pigs did not se* to influence brain catecholamines.
Studies to determine the ascorbate requirements of sale monkeys
suggested that a minim u of 3 acorbate pools exist and that young
monkeys may require twice the amount of ascorbate as adult monkeys.
In addition, oxidation-reduction asay system for ascorbate were
modified to measure whole blood ascorbate.

To investigate the relationship between vitamin C intake and folate
status, guinea pigs were maintained on diets adequate or marginal in
folate and supplemented with high or low acorbic acid. Preliminary
evidence confirms an increased need for ascorbic acid to prevent folate
deficiency symptoms when folic acid intake is marginal.
STUDY No. 2 A rapid, sensitive, fluorometric titration ssay using

a riboflavin apecific spoenyme has been developed for measurement of
riboflavin in urine and dietary samples.

STUDY No. 3 As ascorbic acid deficiency progressed, decreases in
hepatic sminopyrine N-demethylase activity and cytochr P-450 levels
mwu to be related to a decreast in the cytosol ascotbic acid
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(100.000 g supernatant) In guinea pigs. Htepatic hicrosoual hem

Sxygenaa0 activity and cytochroms P-450 level are directly related to
the dietary or liver a3corbate levis. After the Incorporation of
6-meolevulinic ecid-3, 5-ry, the disappearance of radioactivity from
the cytochrome P-450 hem@ (CO-bindig pigments) was not dependent on
the ascorbic acid status of the 0%:6inea pigs. Acorbic acid deficiency
does not seem to Influence the degradation of hepatic hems.

STUDY PO. 4 Procedues have been evaluated and techniques developed
for the microanalys of copper, iron, and total bindihg capaciies.
These procedures require only 50 l of spri for each analysis. Appli-
cation of these methods has been made to other studies In this work
unit and in work unit 056.

STUDY NO. 5 Studie s on ferritin and iron metabolism have included a
statistical study of the influence of roe* upon ferritin and other
parinsters of iron status. Preliminary results suggest that blacks
have higher serum ferritin levels than whites and that individuals at
elevated altitudes have higher ferritin levels. Efforts are uUderway
to characterize monkey ferritin and to study the effect of copper
deficiency upon ferritin levels in monkeys.

STUDY NO. 7 Comparison of whole blood folate analyses by radioaasy
and microbiological ausay methods of samples from 2 military nutrition
surveys has been completed. Because of qualitative and quantitative
differences in the radioassays, neither of the 2 comrcial kits tested
on whole blood samples was considered comparable to the mlcrobiological
assay in terms of diagnostic capability.
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BODY OF RrY-3RT

WORK 'V'.ZT WO. 002 '.urt:)c-ail Laq irevsnts of Military
HFre.oil tv Ieavlh, Inju~ry and

bT VI)T NO. 1 Requi'dme , fmict eracO.-M
and vretaec los of rz,i.':-c &cId
(vitamin 0)

PROBLIa

Vh cX:i4Z5 repaoit 5tv . study were ii In ~~
advanc*aL w~hei .t i "-!'x-21 k leoi~dt. r~c"-,- th; .'.ij and
biocherentr" of sscoj .l. e,%W. e::h'cPer,wd i. prov, di lrproved

m oan * oaess thG soboj., a-.' i': Atlitsr' personnel. .4eWs
for an.assment must .rAxtjve, "-a tvi . ft,.. d specific. Unfor-
tunately, basic infortwo, LV Et -w -novd-u ; unctlion of ascorbic
acid Is ir.complete and f:i"..,yS ubevquenLiy, 1 ia difficult to
recommnd intakes of ascorbatc to military pers;tr.2.1, especially
under adverse or stream situations. Therafore, basic research mdst be
undertaken to provide the understadin.Z of ascorbate's bl'olojical
function. Rmeesch should includt the wat.3boli o, rutritac inter-
actions &s wll as the phal Anco-Auy and tcxicology of ascorbate. Once
some tsight into these functions is determined, recommndationa of
oscorbic acid intake* can be made for optimal health and performance
-if military personnel.

RESULTS AND DISCUSSION OF PX.SULTS

Vitamin CL iron and c ,r. Experiments were conducted to determine
the effects of 1I-, a;,J hiKh intakes of vitamin C on plasma and liver
co-centrations of 1r-n and copper. Vitamin C-deficient guinea pigs
vth plasma values ox <0.6 ug/ml, demonstrated significantly higher
plasma and hepatic copper concentrations, 9Q.8% and 94% respectively,
coopared to animals dose vth a saturating level of the vitamin. Also#
plasma cerulop.anin vlj ere concurrently 102.3% higher in the

...... cant sieials. X *.t#t, plasma and liver concentra-
tions o6 iron wore 38.2% and 57.9% rewpectivwly lower in vitamin
C-deficient animals. Hept'ic microsomal hems and blood hem paramtets
were also signficantly (P < 0.05) reduced in vitamin C deficiency. In
the second experiment, in a group of guinea pigs dosed vith the
National Research Council (KRC) recommended level of vitamin C as a
control group, plasma ceruloplasmln and copper were similar to animals
dosed vith a saturating level of the vitamin, However, hepatic copper
and Iron levels in this control group wore more similar to animals
receiving no vitamin C. Plaas iron levels seemed to be related
directly to vitmin C intake. The relative anounts of cetouloplasuin
and ascorbate In the system exurt a strong influenae on tha relative
leveis of ferrous iroa and ferritin. This, in turn, can control iron
utilization, transport, and hee synthesis.
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brain catecholmine and &acorbic acid. A high pressure liquid
chromatography technique was developed which allowed the investigator
to measure the mount* of catecholmines (CA.) without interference by
ascorbic acid (AA). The investigator using the newly developed technique
determined CA content of brain tissue in control and AA-deficient guinea
pigs. No differences were found in CA content in the two dietary con-
ditions; however, this experiment examined CA equilibrium in an
unchallanged manner. Further research i currently being conducted to
elucidate a possible protective role of ascorbic acid in the maintenance
of CAs after a biochemical challenge.

Cultured neuroblastoma as a model for study of the role of ascorbic acid
in neural tissue. The cell line and moat of the techniques necessary
for the study have been set up in the laboratory. Preliminary results
Indicate that ascorbic acid is toxic to these cells. The mechanism of
this tocicity is currently under investigation

Experiments are being conducted into the possible role of ascorbic acid
in the neurotoxici y of 6-hydroxydopamina, but no conclusive results are
yet av.il.able.

Hethods of analysis for ascorbic acid. Modifications of an older manual
method, which depends upon reduction of the dye 2,6-dichlorindophnol,
have been made. These make it more convenient and sensitive and allow
the use of whole blood, which was not possible with the original method,
A second assay. depending upon reduction of iron by ascorbic acid and
its subsequent measurement with the dye. 6,6*-dipvridyl, has also been
modified so that it can be used with whola blood.

Hetabolisu of ascorbate. The relationship of plasma ascorbate levels of
Male monkeys (. fasiculMtis) to varying levels of oral dietary ascorbate
was measured during chronic ascorbate deficiency and gradual ascorbate
repletion. Two plateaus in the plasa ascorbate levels were measured
during the repletion phase. Active juvenile sale monkeys required
twice the amount of ascorbate as did the mature sales to sustain similar
plasma lavels. The oxidation of ascorbste to C02 was shown to be a
minor metabolic pAthway of ascorbate in monkeys as it is in man.
Oxidation of ascorbate was independent of the animal's nutritional
ascorbate status.

Vitamin C and folic acid. Mealoblastic anemia (symptomatic of folute
deficiency) is sometimes noted in clinical vitasin C deficiency. Some
studies have saguested that ascorbic acid is necessary for normal folate
metabolism and that vitamin C deficiency may cause a secondary folate
deficit. In an effort to evaluate this interaction, the following
experiment was conducted to investigate the relationship between vita-
sin C intake and folats status under conditions of adequate or marginal
foists intake,
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Guinea pigs were fed somi-putfled diets adequate or marginal In folic
acid and supplemented with high or le ascorbic acid. Hematological
parameters were monitored and at the end of the experiment, tissues
were removed for folate and ascorbate assays. When folic actd Intake
was low. there appeared to be an increased requirement for vitamin C
to maintain normal blood cell counts (especially white cells). Tissueanalyses have not been completed yet (personnel have been diverted to

another project).

Dietary copper and vitamin C must be in the diet of guinea pigs in
balanced amounts for proper iron utilization. Strong Imbalances In
either direction interfere with Iron utilization and say cause anmia

The high pressure liqu.d chromatography (HPLC) technique as developed
in this protocol is superior to the standard fluorescence assay for
the surmnt of catecholamines because the HPLC technique eliminates
a source of falae positive values.

The fate of •acorbate metabolisn in similar in monkey and man only when
the monkeys are trained to the procedure* to be used prior to the study,
Therefore, the trai ed monkey is an excellent modal for study of ascor-
bate metabolism In man.

Data collected In the guinea pi study suggest that a deficiency in
ascorbic acid is detrimental to folate-requIrinS processes when foei.te
intake is marginal.

XWCOIWJDATI ONS

1. The interactions of ascorbic acid with ot 'er trace mnerals shoul#
be studied in animal models.

2. Further studio. on the copper, ascorba:e, iron interrelaticrshIps,
where levels of dietary copper and iron are varied airultamnously with
the acorbate level are needed to define an optim balance.

3. AM'hough steady-state levels of catecholminon (CA*) are %Ot
affected by a scorbutic state, the dynaXic matoitsn of CA may be
influenced by Pecorbic acid. Rather than obsetvations in the 9csay-
state, a dynamic test of CA mecatbollsu should bke ostdied.

4. Investigation of cultured useuroblastova rhould be contl:,ue to
determine whether or not ocorbi. acid n7 be towic to tbee tAlls and,
if so, what the mechamism ,u ht be. Such infosmtion could proe
useful in the understanding of Cbe interaction of mecorbic acid vrth
nervous tissus.
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5. The possible effect of ascorbic acid on synthesis of acetylcholin-
esterase in cultured neuroblastoms should be investigated. Through such
studies a role for ascorbic acid in prophylaxis or treatment of nerve

-. agent poisoning might ultimately be found.

i6. The use of trained monkey* to elucidate the requiresont and fate of

W-.orbate to monkey* should be continud. These data should establish
criteria forjudging the course of ascorbate metabollen in am.

7. The evaluaticn of the ascorbic acid-folic acid interactlon should be
repeated with guina pig and terminated earlier, There Is reason to
believe that (because foists requiresent decrea with ag) treatsont
differences it& tissue foits levels would have been greatert en
earlier phase of the experiment.

STUDY O. 2 Riboflavin - metabolism and analytical
_ _ methods

PROBLEH

The riboflavin nutritional status of military personnel is determined
by measurement of urinaty and/or plasma riboflavin, Present assan/ are
time consuming and nonspecific. Recently, a riboflavin specific protain
was isolated from egg whit . The fluorescence of riboflavin is
quenched when it binds with equal molar quantities of the riboflavin
specific spoprotein. A fluorometric titration with the apoenzyme may
be a quantitative mwasure of riboflavin.

RESULTS AND DISCUSSION OF RESULTS

A technique for the isolation and purification of the riboflavin
specific apoprotein from egg white has been developed in this labors-
tory. This apoenzyme has been used to measure quantitatively riboflavin

In urine and dietary extracts. The sensitivity of the assay is similar
Sto the microbiological procedures but the specificity s greater.

Samples can be assayed innediately vIthfut extraction of the flavins
and the apoprotein isolated from I eg will measure 200 to 300 amples.

WCCUSION

The utilization of this assay will decrease the time and expense required
for measurement of riboflavin with increased specificity.

R] £"M DATION

Continued development of procedures for isolation of the flavi
mononucleotide specific apoprotein. This protein will permit the
Mauremnt of the flavin nucleotides without hydrolysis, therefore
decreasing time and expense.
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STUDY NO. 3 Pharmscology, toxicology, interactions

and functions of nutrients

PROBLEM

Optimal r.;Zrition requires sufficient iet ac i all essential nutrients
to met minimum physiological needs. Hovevr, i.atrienc intakes must be
less those levels considered detrimental %& :iealth. Optimal response of
various nutrient-dependent functions may vary considerably over the
relatively wide range of nutrient intakes. Various environmental,
pharmscoloica3. and .oniological etres situactions may influence these
nutrient-dependent functions and alter the optimal nutrient intake
levels. Alternatively, various nutritional regimens may provide
protection from such stress situations. Excessive intakes ay elicit
pharmacological effects or toxicological syndromes that say or may not
be related to known functions of that substance. If separate physio-
logical, pharmacological, and toxicological effects exist, the
relationship between such effects, the closeness of levels at which

these effects occur, and the specific effects produced mist be deter-
mined. These studies will produce informtion of direct value in
'aintaining maximal physiological performance of the military member.
Knowledge of the requiremnts for specific nutrients under various
stressful circumstances, along with their potential therapeutic or
prophylactic uses, would be of great value in this regard. Troops may
be exposed to a number of toxicants in the course of their military
duties; for this reason, knowledge of detoxification mechanisms and the
effect of nutrition upon them is of great importance. Finally, once a
military member is undergoing medical treatment for a specific disease
or injury, obviously an understanding of nutritional and phsacological
interactions will contribute to the effectiveness of his care.

RESULTS AND DISCUSSION OF RESULTS

The influence of ascorbic acid on microsomal home oxygenase (HO)
(R. C. 1.1k.99.3), drug metabolism and ascorbate distribution was
studied in livers and liver cytosols isolated from guinea pigs. Amino-
pyrine N-demethylase and cytochrome P-450 content were examined in
guinea pigs on 0, 6, 12, and 19 days after being placed on a banal diet
deficient in ascorbate. Plasma ascorbate seems to reflect total liver
ascorbate; however, ascorbate from the liver cytosel (100,000 x g soluble
fraction) component decreased at a slower rate than total liver
ascorbate as deficiency progressed. The decrease in hepatic aminopyrine
I-demethylase and cytochrow, P-450 content paralleled the decrease in
cytosol sscorbate. Perf,'--on of livers from guinea pigs not depleted
of ascorbate results/ in 71 loss of extracellular ascorbate mnd a 262
decrease in cytochrom 0-'450 cow-ent. Ascorbate-supplemnted
(25 mg/100 g) guinea pigs had a 16) decrease In cytochroum P-450 content.
MHO activity was decreased significatutly (p < 0.005). Those results
suggest that a labile soluble pool of ascorbate may have som
influence on cytochrome P-450 content and drug metabolism. Also, these
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results suggest a dose-related dependence of M110 on ascorbate and that
ascorbate deficiency does not produce an increase in hepatic hems
catabolim via Increased M1I0 activity.

Degradation of hepatic cytochrome P-450 hemes in ascorbate-deficent and
ascorbate-dosed (P.O. 25mg/1OOg/day) guinea pigs was investigated by

determining the turnover of radioactive cvtochrome P-450 and the for-nation of In vivo expired carbon monoxide (14CO), a specific degradation

product of the labeled hn. epatic levels of cytochrome P-d50 and
cvtochrome b5 were decreased significantly, 61%, p < 0.001, and 29%,
p < 0.01, respectively, In scorbutic animals compared to scorhate-
adequate animals. After the administration of 6-aminolevulinic acid-3,
5-311, the disappearance of radioactivity from the fast-phase and
slow-phase components of cytochrome P-450 hems (CO-binding pigments)
exhibited half-lives of 4.2 h and 30.8 h respectively in the ascorbate-
depleted guinea pigs. The turnover of cytochrome P-450 hems was similar
for both phases in animals fed the ascorbate-deficient diet and dosed
with ascorbate or aniuals fed a normal stock diet. In guinea pigs
deficient in ascorbate and injected with 15- 1 4C] 6-aminolevulinic acid,
the cumulative expired 14CO Was similar to guinea pigs adequate in
ascorbate. These studies demonstrate that the decrease in hepatic
cvtochrome P-450 content in ascorbate deficiency is not due to a
defect in cytochrome heme catabolism.

CONCLUSIONS

Essentially, ascorbic acid deficiency in guinea pigs did not appear to
influence the degradation of microsomal cytochrome P-450 hems. These
findings, along with the past investigations on hems synthesis, suggest
that ascorbate has no influence on hems catabolism or heme synthesis.
The possibilities still remain that ascorbate way influence apo-c -to-
chrom P-450 synthesis, the incorporation of ferrous iron into the
heme moiety of cvtochrome P-450, or the binding of hems and apo-cyto-
chrome P-450 to form active cytochrome P-450.

REcOMEMDATIOS

1. Experiments need to he designed to develop more understanding in
how ascorbate is utilized in drug metabolism.

2. Purification of cytochrome P-450 from guinea pigs will be needed
in order to provide standards for apo-cytochrm P-450 synthesis studies.

3. Methods for the specific identification of the iron oxidation state
in tissues must be developed in order to determine the effect of
ascorbate on the incorporation of ferrous iron into the hem moiety.

4. Methods to study the binding of hems to cytochrome P-450 must be
developed in order to deteruine whether or not ascorbate influences
the formation of active cytochrome P-450.
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STUDY NO. 4 valulation and development of

procedures and techniqus for the
aessessment of the trace mineral
status of military personnel

Little is knom about the trace element requirements of am or current
dietary intakes of these elements. Rapid changes in food resources and
food processing portend alterations in the invels, ratios, and availa-
bility of essential mineral elements in military feeding system.
Thus, it is Important to know the requirements and levels of essential
trace minerals in foods consumed by the military in order to assure
optimum performance, health, md recovery from injury. It is also
important to develop procedures to assess the status of military
populations with regard to their trace mineral nutriture.

RESULTS AND DISCUSSION OF RESULTS

Procedures have been developed for the analysis of copper, iron, and
total iron binding capacity for small (50 ul) serum samples.

For copper, the 50 ul of serum is diluted with 450 Ul of 10 m4 HMO 3 .
Twenty ul of diluted sample is then injected into the graphite furnace
of an atomic absorption spectrohotomter and copper levels are deter-
mined by comparison vith suitable standards. This procedure compared
favorably with conventional flame methods for copper, which reqdre a
such larger (1 - 3 ml) saple size.

Iron and tota Iron binding capacities were also determined by micro
methods using flaweLss atomic absorption spectroscopy, How iron and
serum protein were precipitated in 50 uil of serum by adding an equal
volums of 102 trichoroacetic acid. After heating, the sample iron
further diluted by adding 100 ul of delonized water, then the sample
was centrifuged. Five ul of the supernatant was then injected into
graphite furnace and iron levels were determined. Total iron binding
capacities were determined by adding 100 ul of 5 rpm iron standard to
50 ul of serum. After precipitation with magnesium carbonate to remove
the excess iron, iron levels were analysed a described above.

These procedures compared favorably with more conventional methods which

require much larger samples. The major problem in the iron and total
iron binding capacity analyses was that erroneously high values were
obtained n badly hemolyzed samples.

These methods offer a considerable advantage when a large number of
analyses are required on a limited quantity of smple.

These procedures have been applied in other studies in this work unit

and in a study in Work Unit 056.
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Additional food samples are being analyzed for copper, since and
manganese for Inclusion in the LAIR nutrient factor file.

None

1. The databaefrtaemnrlcnetoffossolbexpdd
to cover more food item and other essential and toxic mintirals,

2. Other military populations need to be surveyed as to their trace
mineral Intakes in order to determine If potential problem exist
relating to trace element nut riture.

3. The effects of mnarginal or low Intakes of various essential tracef thoroughly Investigated.

4. Human requiremts for the essential trace minerals need to be more

carefully defined, particularly under various stress situations.

STUDY No, 5 Nutritional Iron deficiency

a: m yplRe rl n h eabls o rn.Teobetv

Previous studies with human subjects have Indicated that both altitudef

of this study was to determine if either race or altitude Influence the[ storage levels of iron as measured by serum ferritin.

While anemia has been Indicated as being associated with scurvy In awe
monkeys, and guinea pigs, the literature contains contradictory results.,
The cynomolgue monkey was chosen as an animal model to evaluate the
Interactions between Iron status and copper ?zad ascorbic acid nutriture.

RKSULTS AND DISCUSSION OF RESULT

Rate and jaltitude effects. As a continuation of the ferritin studies
begun last year, a statistical analysis of partere of iron status
was undertaken. The study was expanded from the original surveys of
Twentynine Palm Marine Corps Base, Alameda Naval Air Station I ad 111,
and ft. McClellan to Include data from surveys performed at ?to Ihyerp
Ft. Lewis$ and Ft. leating. This study was a retrospective study of
the imfiwence of face upon the pareters of iron status. Because of
the similarity In ecamomic factors and availability of ws hals, the
military population Is relatively free of econmic or dietary influescee
upon nutritional Indicators.
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The total population being analyzed consisted of 1860 individuals, of
which 729 had serum ferritin analyses* Preliminary results indicate
that blacks have lover hemoglobin levels than whites (15.9 vs 16.1 p/di).
This difference is statistically significant (p < 0.005). However,
serum ferritin exhibits a reverse of this situation with blacks having
a serum ferritin level of 94 ug/ul and whites having a level of
57 ug/l. This difference s statistically significant (p - 0.00002).
It would appear that the lowered hemsoglobin levels of the black popula-
tion are not due to lwered iron stores. Studies of other parameters of
dietary intake, plasma ascorbate, plama vitanin A, and whole blood
folate showed no statistically significant differences; these observtions
suggest that there were no gross differences in overall dietary intake.

A second study was undertaken to determine the effect of altitude upon
iron stores as measured by serum ferritin. A total of 132 normal male
serum from Leadville, CO were analyzed for arum ferritin and the
results compared to the population discussed above. Information on the
hemoglobin and hemtocrit vlues indicated that, as expected, individuals
at higher altitude have hither valus (Ngb kil 17.3 pn/41, Hct - 52.1Z)
than do individuals at lover elevations (Hgb - 16.1 g/dl, Hct - 46.82).

Serum ferritin levels also exhibited this increase with individuals at
altitude having an average serum ferritin level of 87 us/ul as compared
to individuals at lower altitude with 64 ug/ml.

Ferritin and iron status in monkeys. Studies on monkey ferritin were
carried out in 2 separate experiments. In the first study, the iron
status of monkeys on a diet deficient in copper with 2 levels of
ascorbate (1 mg/day and 100 mg/day) was Investigated. Analysis of the
data in not yet complete, but preliminary indications are that neither
the level of copper deficiency nor the amount of ascorbate ingested has
any effect upon the red cell count, hemoglobin, heatocrit, or serum
ferrntin levels.

As a corollary for the development of a ferritin assay for monkey serum,
preliminary work has been conducted on the Model 9 analytical ultra-
centrifuge in an effort to establish the molecular weight of rhesus
monkey ferritin. The purification of the ferritin has been mnitored
using gel electrophoresis. It appears that a single protein has been
isolated which migrates as a single peak in the unltracentrifuge. No
further results are available at this time and work is in progress to
characterize further monkey ferritin.

Preliminary results indicate that blacks have higher serum ferriti1
levels than %hites and that individuals at elevated altitudes have
higher ferritin levels. Thus, if seram ferritin is to be used as an
indicator of iron stores, both race and altitude wLll have to be
considered.
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Further study of the incidence of iron deficiency in military force
need& to be undertaken. In addition, more information is requied con-
cerning the influence of race upon iron motabolism, The conflicting
findings of lower hemoglobin levels In blacks a compared to hites andhigher iron stores as measured by serum ferritin indicate that factors

other than dietary intake may be important in adequate iron metabolism.
Further studies in this area should be undertaken, Finalization of the
data processing on the monkey study is reconiunded &s well as completion
of the monkey ferritin characterization.

STUDY NO. 7 Techniques to evaluate nutrtti-'_
status of humans

PROBLEM

The purpose of this study was to evaluate and improve current methods
for &sessing folic acid nutritional status. adioassays of serma and
red cell folate are now widely being used instead of the traditional
microbiological assays. However, their diagnostic reliability has
not been established, particularly with respect to red cell folate.
The purpose of the first experiments was to compare comercial folate
radioassay kits with the L. casti microbiological assay with particular
attention being paid to responses at concentration rmp&8 which have
diagnostic significance. -4

RESULTS AND DISCUSSION OF RESULTS

Four kits have been tested on whole blood and plasta samples from
Almeda III and Tentyniase Palm military nutrition surveys, All bat
one egreed reasonably well with the microbiological assay when compared
on serum samples (discussed in progress report last year).

both kits (Ne England Nuclear (MEN) and lio-lad) tested on whole blood
amples gave means which were significantly higher than the microbio-

logical assay and different from each other (p - 0.01). In addition,
thera were distinct differences in the frequency distribution curves.
Although the Bio-lad curve was displaced to the right of the icrobio-
logical, they both shoved distinct positive skewness. In contrast, VM
data were clustered in a sharp peak with little skewness. Thus, the
estimated normal range for red cell folate was much narrower according
to the &NM kit than either the Rio-lad or the microbiological say.

Because of the qualitative and quantitative differences in the
radoassay kits, neither of those tasted on whole blood samples was cor-
sidered to be comparable to the microbiological assay in term of
diagnostic capabilty.
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KzCCIIEZIIATiONS

I
Although radloassays appear to be suitable for serun sanples, the
microbiological assay is recocmended still as the nost reliable method
for future analyses of whole blood folate at this institute.
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ABSTRACT

PROJELT NO. 3'762772A811 Mtilitary Nutrition and Food Hygiene

VA)RK UNIT NO. 003 Analytical Biochemistry

The following investigations have been conducted under this work unit.,

STUDY NO. 1 Analytical support and services

STUDY NO. 2 Development of analytical biochemistry procedures

:"UDY NO. I Anxlvtical support requiring 16.326 individual analyses
as provided to 25 research projects.

STUDY NO. 2 Preliminary study was initiated on the applicability of
analytical reagent systems to different species of animal models.
Sedimentation velocity and meniscus depletion sedimentation equilibrium
studies were performed on ferritin preparations from two species.
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BODY OF REPORT

WORK UNIT NO. 003 Analytical Biochemistry

STUDY NO. 1 Analytical support and services

PROBLI

Chemical analvsis of various physiological specimens and diet or
ration items is a fundamental adjunct to the majority of the research
objectives of the many research protocols acti-.e at LAIR. The An&-
lytical Biochemistry Branch has the responsibilities for providing
service to the investigating staff i the form of automated analyses
and special chemistries.

RESULTS AND DISCUSSION OF RE.SULTS

The SBrnch provided support to 25 research projects, including 3 field
studies, which resulted in a total of 16,326 automated, semi-automated,
and anual analyses. These analyses were distributed by type as foll.i:

Analytical Service Nrmber of Analyses

Blood Chemistry:
(1) Automated electrolytes, glucose,

total protein, urea nitrogen,
creatinine, iron, cholesterol,
triglycerides, vitamin C, lactate,
pyruvate, uric acid, hemoglobin,
and various enzymes 10,635

(2) Semi-automated lipid phosphorus and
total iron binding capacity 170

(3) Masnual electrophorents, hemoglobin,
hematocrit, free fatty acids 388

Urine Chenistry:
(1) Automated electrolytes, creatinine, and

urea nitrogen 2,022
(2) Sei-automated methyluslonic acid and

total nitrogen 802
(3) Manual titrable acidity 28

;, Food and Tissue Chistry:

(1) Semi-auteanted minerals 1,556
(2) Manual proximate analyses 231

Special Chemistry:

Amino Acids 494
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These analyses were distrituted soug the Departmnts as follows:
Surgery, 31.0Z; Nutrition, 28.6%, Medicine, 23.1%; Comparative Medi-
cine, 15.3%; and Blood Xssearcho 1.9%. Spicial projects accounted for
the renainder of service crnsieting of 158 analyses for the Neonate
Service (LAMC), 709 analyses for Z field studies (Work Unit 001,
Nutrition Studies An Support of DoD ?ooda Program) and 383 analyses
for the Irradiated Food Pro$r=.

CONCLUSIONS

The branch staffing was reduced to 402 of roral at the start of the
fiscal year. Fortuitotuly, the demands for iarvice declined to 52%
of the total analyses for the prevloaL year. The relative proportion
of sei-automated and anual analyses increased over the previous year.
This included elimaiation of a svall percentage of the backlog which
stands at 14.079 analyses.

The branch rendered service to 611 i|.veAtib tions requesting analyses
which were autonated or semi-autonated. Unfortunately, a support
request originating in the Departaent of Surgery could not be
serviced because of the extensive manual workload it would have placed
on the limited staff.

RECOHNENDATIONS

Knowledge of the concentration of various constitutents of
physiological and diet specimens is essentIal to the conduct of
mission-oriented research progrm at the Institute. It is recmmended
that a central analytical facility be aaintained for automated analyses
and special chemistries.

PUBLICATION4S

ASKEV, £.W., S.S. KULINSKI, J.R. LLVDER, and W.R. WISH, JR
Comparison of turnover rates of four adipose tissue depots as
influenced by exercise. (Abstract) Fed Proc 37:428, 1978

STUDY NO. 2 ievelopment of analytical
biochemistry procedures

PROBLEM

Automation or simplification of analytical procedares JA required to
expand analytical support capabilities and maintain operetional effi-
ciency. Improvement of method qality is a continuous conccrn sad
innovation of proceduta is occasionally required. Staff mst be
prepared to advise investigators on analytical approaches.
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RESULTS AND DISCUSSION OF RESULTS

One staff member was trained in the operation of an analytical
ultracentrifuge. The schlieren system was tested and evaluated. Studies
of horse ferritin and monkey ferritin preparations were initiated.
These included sedimentation ve.locity series to determine if the prepa-
rations were monodispersed, and if so, the actual sedimentation velocity.
Meniscus depletion sedimentation equilibria were determined to facilitate
estimation of molecular weights. The results indicated that the
preparation provided did not contain ferritin.

Of primary concern has been the suitability of reagent systems developed
for human blood components when applied to specimens from various animal
species used as experinental models. The problem umy also be masked by
the use of human sera for quality control. In establishing baseline
values tor the owl monkey colonv such a problem occurred. Serum albumin
values obtained by using a proprietary dye which has an absorbance
maximum at 505 nm with 'uman albumin yielded satisfactory quality
control recoveries (hioan sera) but approximately 60% of the value for
albumin indicated by the electrophoretic pattern of the unknown speci-
mns. Evaluation of a randomly selected number of specimens (N-22), by
using bromcresolgreen and the proprietary dye, yielded values (mean -
standard devintion) of 4.1 t 0.3 and 2.7 t 0.3, respectively.

CONCLUSIONS

Training of staff to utilize properly available sophisticated instruments
not only assures accurate results but appropriate application and
utilization of the equipment.

Method performance in application to animl spectes must be monitored
carefully when trying to establish baselines, particularly when assaying
protein constituents with reagent systems developed for human specimens.

RECOMENDATIONS

Continuoun surveillance of operations with the objectives of automating
or inproving efficiency of performance and assurance of the applicability
of methods is required.

PURLICATIONS

SAUBERLICH, H.E., W.C. COADT, J.11. SKALA, and P.r. wA1Im(. Procedure
for mechanized (continubus-flov) measurement of serum ascorbic acid
(vitamin C). In: Part VII, Vitamins, Selected Method of Clinical
Chemistry, Volume 8. American Association for Clinical Chemistry,
Washington, D.C., 1978. pp 191-197
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23. (N) Tim objectives art to monitor the microbiological quality of food Item throug h
labeaory analysis; to review the literature for trends; to report findings; to dater-

,mine toxicological quality of foods; to establish' suggested guidelines for items of
potential bealths hazard; to review wholesomeness and safety requirements for DoD
procured subsistence and to malke reoe ~ndations to OTSG; to evaluate anld develop now
and existing methodology and equipment In the areas of food microblologvt virology and

toxicology; and to collect microbiological data for food items analyzed bv DOD

laboratores.
24. (U) Xxaaine various bacterial species and strains for their ability to produce
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ata collected during the analysis of foods with high potentia1 for transmitting food-
borne disease are collected and reported. Chemicals secreted by insects are quiretitsald

nd assessed for toxicity in model systems.
S. (U) 77 10 - 78 09 Initial experiments indicate that the lethal effects of
icrovave cookery on pathogenic microorganisms showed nicro'aves to be slightly less

ffective than conventional oven or slow cooking but presented no hazard. The survey
f thr histamine content of foods indicate normal levels to be in the range of loss
han 1 mg per 100 S. A number of chemicals have been di.icovered that possess varying
egrees of cryoprotective properties Lot Conty'idiw- 'rfy. -o. Microbial analysis
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ABSTRACT

PROJECT NO. 3M762772A811 Military Nutrition and Food
Hygionij

WOIK UNIT NO. 004 Hi11tary Food Hygiene
The following investigations have been conducted under this work unit:

STUDY 140. 11 investigations of microbiologicail methodology
perforned in conjunction with the Chapter Chairman.

~agar plate method, for development of the 14th
edition of Standard Methods for the Examination of

Dairy Products

EX-5 A comparison of analyst and automrt d colony
counters

STUDY NO. 12 Investigations into the microbiological quality of
food item purchased by DoD for the purpose of
establishing tentative microbiological guidelines
for military subsistence

EX-7 A survey of the microbial flora o .. fmminuted pork
and a comparative study of microbblogical analyti-
cal techniques

STUDY NO. 13 Investigations Into the use of Group D streptococci

as indicators of the hygienic quality of frozen
food products

STUDY NO. 15 The effect of cryoprotective agents in the survival
of CZlotrldiwn perfringe type A vegetative cells
in selected moat products after freezing and thaving

STUDY 1N0. 17 Investigations into potential toxicological problems
associated with food items purchased by DoD:
Identification of hazardous substances, evaluation
of food safety, alleviation of toxicological
problems, and establishment of tentative toxi-
cological guidelines for military subsistence

EX-1 Histamine production by food spoilage microortanisms
and development of an analytical method for detec-
tion of histamine in food prr'ducts

EX-2 The toxicity of histamine and other biogenic mines
as related to food poisoning, the presence of inhibi-
tors of histmine-metabolizing enzymes in foods,
dietary conditions, and other gastrointestinal factors
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EX-3 A survey of commercially packed scombroid fish
products, luncheon mats, choese, and sauerkraut
for histamine content

STUDY NO. 19 Investigations into potential insect induced toxi-
cological problem in foods

EX-1 Insect toxic products in nilitary subsistence -

induction and quantitation

EX-2 Benzoquinones from the secretory glands of Ti-
iw oonfuw and TriboiUw anwww - Assay,

reactions, effects, and acute toxicity

STUDY NO. 21 Enterotoxienic Esoherchia ooZi from foods

EX-l Assessment of methods for the identification of
enterotoxin-producing Esoherioiia ooZi strains

EX-2 Methodology for isolation of EEC from foods

STUDY NO. 22 Survival of pathogenic organisms In food prepared

in a microwave oven

STUDY NO. 11, EX-5 Laboratory equipaeut manufacturers have developed
automatic colony counters (ACCs) which are designed to reduce manpower
requirements, to count plates with large nmbers of colonies, and to
reduce human error. Complete evaluation of the ACCs is essential to
determine their overall suitability for DoD use.

STUDY No. 12, EX-7 Microbiological analyses of several types of

coominuted pork products have been accomplished. Data collected are
added to the data base which will be used In the establishment of
microbiological guidelines for pork products. The gram negative seag-
meant of the microbiological flora of a portion of the samples examined
has been completely characterized. Due to the composition and physical
structure of pork, various means of homogenizing samples have been used.

STUDY NO. 13 The presence or absence of E. ooZi in foods has been
the basis for several criteria developed In regulatory food micro-
biology. The use of the Group D streptococci as indicator organisms
instead of E. ooli has been suggested for the analysis of frozen food
item. During this study, it was shown that while S. ooli and the
Group D streptococci both survive in the frozen state, the strepto-
cocci do not suffer freezing injury as does R. ooZi. The streptococci
are recoverable on selective media while E. ooli cannot be enumerated
in that fashion.
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STUDY NO. 15 Clotridiwn perfringena is extremely sensitive to
freezing and to frozen storage. Thus when investigating the etiology
of food poisoning outbreaks, frozen specimens may not provide the true
microbial flora for characterization. Recent investigations indicate
that peroxides formed during freezing may account for At least a por-
tion of C. perf singens cryofragility. A number of chemicals possess
cryoprotective qualities.

STUDY NO. 17, EX-l A total of 162 bacterial strains representing
28 species were examined for the potential to elicit food poisoning
outbreaks via histamine formation in food products. Of the strains
examined, Prot&.e morganii and Lnterobaoter aerogone demonstrated a
quantitative superiority in terms of histamine production when grown
in either trtpticase soy broth containing histidine or a tuna fish

infusion broth. Additionally, bacterial histamine formation was
examined in several isolates of raw tuna involved in an outbreak of
scombroid poisoning.

STUDY NO. 17, kX-2 Intestinal catabolism has been suggested to
explain the lack of toxicity when histamine is orally administered
to animals. The enzymes, diAmine oxidase and histamine-N-mthyltrans-
ferase have identified in the intestinal conteL. of several animal
species. Inhibition of these enzymes by substances present in spoiled
scombroid fish products may explain the oral toxicity of histamine in
these outbreaks.

STUDY 14O. 17, EX-3 Surveys of the histamine levels in several foods

such as sauerkraut, mild cheddar cheese, sausages and tuna fish were
conducted to assess the potential these foods might have for involve-
ment in histamine poisoning outbreaks.

STUDY 140. 19, EX-1 A total of 12 different species of stored-product
posts of military subsistence have been deve'oped in support of studies
to determine the potential hazard from insect induced toxins in foods.
Gas liquid chromatography (GLC) methods have been completed for the
quantitative analysis of 2-methyl-,4-benzoquinone (KUQ), 2-ethyl-1,
4-benzoquinone (EB). and 1-pentadecene (PD) in two additional species
of Tr bolia'. Results of .LC analysis of Cyangu aiatu extracts appear
to have principal components other than MB,3, EW, and PD.

STUDY NO. 19, EX-2 Chemicals excreted by insects suspected of being
potentially hazardous to man were tested for mutagenicity by using the
Ames Satmvn.Zla tytphimusa assay. Procedural difficulties occurred
because the chemicals and solvents were incompatible with the Awes
assay madium. Efforts are underway to find suitable alternative solvet
system. Although qusantitation was uncontrolled because of the solvent

incompatability it appears that the chemicals tested were lethal to the
SaZvoonslZa test strains.
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STUDY NO. 21, £X-1. EX-2 The potential of bacterial species other
than Salmowla and Shigella to cause acute gastroenteritis has been
recently recognized. Several E. ooZi strains have demonstrated capa-
bility for the elaboration of enterotoxins shown to be involved In
gastrointestinal disease. This study was designed to assess methods

for selective isolation and identification of such strains of E. co i
and to screen military subsistence to determine the existence of
enterotoxigenic strains of E. ooli.

STUDY NO. 22 The generation of heat in a microwave oven is the result
of molecular excitation caused by the penetration of microwaves through
a substance. Consequently, normal cooking temperatures can be reached
quite rapidly because the heat is generated within the product and does
not have to penetrate by normal conduction which requires a considerable
auount of time at conventional oven temperatures. One of the most
important of the many reasons for cooking foods is to kill pathogenic
microorganisms. The destruction of microorganisms is based on cumula-
tive tine-temperature relationships. Because cooking by microwave
energy is more rapid than by conventional mans, questions arise as to
the safety of foods from microbiologic hazards when cooked by microwave
means. Initial findings indicate that microwave cooking is not quite
as effective in the destruction of pathogenic icroorganisms as conven-
tional means but sufficient to render food safe when suggested cooking
temperatures are achieved.
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BODY OF REPORT

WORK UNIT NO. 0%4 Military Food ilyiene

STUDY NO. 11 Investigations of microbiological
methodology performed in conjunction
with the Chapter Chairman, agar plate
method, for development of the 14th
edition of Standard Methods for the
Examination of Dairv Products A

EX-5 A comparison of analyst and automated

colony counters

PROWLE4

Scientific eq'nipment manufacturers have developed automatic colony
counting machines (ACCs) intended for use when one is determining the
microbial content of food items. These machines reduce the amount of
technician time required for counting plates. Their accuracy and pre-
cision have not been fully evaluated.

Food standards, specifications, and guidelines refer to Standard
'ethods for the Examination of Dairy Products (SMEDP) or some similar
official publication for analytical procedures. S:=.DP preqcribes that

2standard methods agar (SIIA) plates will be counted when estimating the
microbial population of foods. This publication prescribes standards
of accuracy, i.e. "laboratory workers who cannot dunlicate their own
counts on the same plate within 5% and the counts of other analysts
within 102 should discover the cause(s) and correct such disagreements."
Earlier experiments under this study have demonstrated the SMEDP plate
count accuracy standards are ,mknowinglv frequently exceeded.

Consequently. an evaluation of the ACCs with regard to speed, accuracy,
and precision cormared to the speed, accuracy, and precision of analysts
counting manually was undertaken. If the ACCA prove to be suitable
instruments, substantial analyst time can be saved in DoD food testing
facilities. If the ACCs are unsatisfactory, DoD facilities will be
spared the expense of the machines and the possibility of erroneous
analytical results.

RESULTS AND DISCUSIN, OF RESULTS

The data collection phase of this study has been completed. As expected,
the ACCs provided for a significant reduction of manpower required In
the counting of agar plates. When counting plates manuelly, analysts
require considerably more time plates with high number colonies, i.e.
greater than 200 colonies per plate; however, so additional time is
required for counting high count plates with the ACCs. The variation
in manual counting time between analysts is great; viever, variation
in ACC counting in slght. There it variation in c'Amting time between
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ACCs which comes primarily from two sources: the actual time that the
machines require to arrive at a count varies, and the physical con-
figurations of the plate counting surfaces vhich made positioning the
plates more difficult on one ACC.

Analysis of the data collected when enumeratinpg colonies on selective
bacteriological media which included violet red bile agar, KF strepto-
coccal agar, sulfite-poly.yxin-sulfadiazine agar, and standard methods
agar with 2,3,5 triphenyltetrazolium chloride added. Analysts' ability
to count colonies on selective media by the manual method was superior
to resutlts obtained with the use of the automatic colony counters.

Analysis of data collected when enumerating SMA plates is incomplete.
Initial observat.ons indicate accuracy and precision by ACCs are not
equal to that of analysts. Further statistical analysis is required.

CONCLUSIONS AND RECOHtENDATIONS

ACCs save considerable amounts of analyst time- but apparently lack both
accuracy and precision. The current state of the art in ACCs makes
them suitable for special purpose counting only. One application is

for plates having too many colonies to count anually, i.e. Ames
Saa'omlla assAy plates.

PUBLICATIONS

(UnERTZ, L.S., and J.T. FRUIN. Colony count accuracy on selective
media: Analvsts versus automatic colony counters. J Food Prot (In
press)

STUDY NO. 12 Investigations into the
microbiological quality of food items
purchased by DoD for the purpose of
establishing tentative microbiological
guidelines for military subsistence

EX-7 A survey of the microbial flora of
comminuted pork and a comparativestudy of microbiological and analytl-

cal techniques

PROBLEM

A large volume of cominuted pork is procured annually for DoD con-
sumption. Microbiological analysis of several types of these products
to establish a data bass suitable for supporting microbial guidelines
Is under way. Methods used for analysis of these products by DoD
food testing laboratories have been modified and compared to estab-
lished procedures in paired tests. The effect of dilution water ion
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content is boin, evaluated. The enteric gram-negative flora of a por-
tion of samples tested have been completely characterized. Because
of the composition and physical structure of pork, two different

thods of lhoogenizing samples were compared. #conventional
blender and a neuly developed machine (Stonacher ) that mascerates
by repeatedly crushing the product, were used to homogenize portions
of the saue snvpl2 prior to analysis. The microbial content of.
aerosols created by the conventional belnder and Ne Stomacher
were collected and characterized with an Andersen air sampler.

RESULTS A4I) DISCUSSlONl OF RESULTS

The collefhion of aerosols during sample homnoenization showed the
Stomacher to produce virtually no aerosols; however, because of thm
high fat content of the samples, the actual homogenization was in-
adequate. Conventional blending in stainless -,eel cups did create
bacterial laden aerosols. Characterization of tnese aerosols are
in progress to determine if their bacterial content varies by size
of particle and to determine how closely the bacterial content re-
flects the content of the samples. Data collection for other phases
of the study are still in progress.

CON4CLUSIONS AND RECOtE14DATION4S

It is recormended that when homogenizing samples for bacterial analy-
sis, the pipetting port be utilized and that material be drawn Into
the pipet with a suction bulb rather than bv mouth.

' IPUBLICATIONS

FRUlU, J.T., L.S. GUTiIERTZ, F.J. TILL:4A14, J.F. FOSTER and R.E.
SAUBEKLICH. The bacterial content of aerosols associated with a
conventional blender. Abstracts of the annual meeting of the
American Society for Microbiology (Las Vegan, Nevada. Hav 1978),
p lb

STUDY 140. 13 Investigations into the use of
Croup D streptococci as indicators
of the hygienic quality of frozen
food products

PROBLEM

The methodoloRy in current use for the evaluation of the hygienic
quality of frozen food products is based upon the detection am enumera-
tion of Eechario ia ?oZi. C. OOli, however, is subject to sublethal
cellular injory following several treatments to which foods are
subjected. One of the ways this cellular injury t manifested is by
the inability of the organism to grow on the selective media routinely
used for its enumeration.
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This study was undertaken to investigate the use of other organisms,
such as the Croup D streptococci, as hygienic quality indicator or-
ganisms in frozen food products.

RESULTS AND DISCUSS1014 OF RESULTS

The 7 species comprising the Group 0 streptococci and E. 01i have
been studied for their ability to survive freezing at temperatures of
-4, -20 and -80 C in water, 0.2 H phosphate buffer, pit 7.0, 10% sucrose,
5Z glycerol, and a 1*h slurry of mashed potatoes. The orgAnisms were
also compared an to their ability for enumeration on selective bac-
teriologic media. The non-enteococcal portion of the Group D strepto-
cocci, including Ctreptococous bozvi and 5treptococcs equinus, exhibited
marked sensitivity to all paratwcers measured. Escheriohia oi was
able to survive freezing and frozen storage, however cellular injury
prevented its enumeration on selective media. The enterococcal por-
tion of the Group V streptococci demonstrated resistance to the sub-
lethal effects of freezing and frozen storage. Enumeration of the
enterococci with the use of selective media was unaffected by either
freezing or frozen storage.

CONCLUS IONS

based on the findings in this study, it can be concluded that . oo0 ,
Z. bovio. and .. equitue are poorly suited as hygienic indicator or-
ganisms for frozen food products. . faecaZi, S. faeoiwn, or ..
duzr a due to their ability to survive frozen storage and be enumerated
on selective media mav be acceptable substitutes as hygienic indicators.

RECOMILM)ATIONS

It is recomended that microbial guidelines be develoned for frozen
food products with the use of either S. faccali , S. faecizWa, or
S. dwrkzn as the indicator organisu.

If E. coli Is to remain the indicator organism of choice, analytical
methodology for the selective repair of injured organisms in mixed
culture system mst be developed.

PUBLICATIONS

GUTHERTZ, L.S., S.L. TAYLOR and J.L. FOWLER. Hygienic Indicator
Organisms: A Comparison of Survival and Enumeration of the Group 0
Streptococci and Esohoriohia ooli following Freezing and Frozen Stor-
age. Report No. 52. Presidio of San Francisco, California: Letter-
man Army Institute of Research, April 1978
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STUDY NO. 15 The effect of crvoprotective agents
in the survival of CZost 'diw
perfrCngens type A vegetative cells
in selected meat products after
freezing and thawing

PROBLEM

nificant portion of foodborne disease outbreaks. In addition, C. per-

frin.ene is thought to be responsible for a disproportionately large
share of the fondborne disease outbreaks of undetermined etiology
because of its unique cultural characteristics. The organism in
anaerobic. It is also susceptible to destruction at low temperature,
particularly freezing, the recomiended method of preserving samples
suspected of causing foodborne illness when submitted to diagnostic
laboratories. Anaerobic organisms present special problems for labora-
tory isolation. Consequently, the collection, handling, shipment,
storage and laboratory preparation of savq)les has a detrimental effect
in recovery of C. pefr!'ngenc. Cryoprotective agents and agents that
reduce the oxidation reduction potential of food samples, could result
in a more precise quantitative isolation of C. prfafrzngena.

RESULTS AND flTSrUSSION OF RESULTS

Chemicals shnwing cryoprotective properties for C. perfringen are
glycerol, methanol, dimetbyl sulfoxide, propylene glycol, and ethylene
glycol. Survival of cells between strains and replicas is highly
variable. During the freezing of complex stibstrates such as food

pe:oxtdes are formed. Peroxides are known to be effective in causing
either injury or death to anaerobic microorganisms. Catalase has been
added to culture m-ditm and causes a dramatic increase in the number
of C. rer!Winam, enumerated.

CONCLUSIONS

Glycerol, methanol. dinethyl sulfoxide, propylene glycol, and ethylene
glvcol possess crynprotective properties for C. perfringens.

REWW4NDAT IONS

Catalase and peroxidases should be evaluated in conjunction with the

chemicals found to he cryoprotective.

PUBLICATIONS
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STUDY NO. 17 Investigations into potential
toxicological problems associated
with food items purchased by DoD:
Identification of hazardous substances,
evaluation of food safety, alleviation
of toxicological problems, and estab-
lishment of tentative toxicological
guidelines for military subsistence

F.X-l Histamine p oduction by food spoilage
microorganisms and development of an
analytical method for detection of
histamine in food products

PRnnUBL

In several foodborne disease outbreaks, tuna end other scombroid fish I
products, cheese and sauerkraut have been implicated due to their 4
possibility for containing high levels of histamine. The methodology
available for the routine analyses of these foods is cumbersome and
tedious. In this study an evaluation of fluwrometric detection
methods which are sensitive and specific will be made. Various ex-
traction procedures for the selective removal of histamine fron food
samples will be assessed. An evaluatinn of the use of chromatographic
procedures for their potential in removing interfering substances will
be made. Microbial decarboxvlation of histidine contained in foods
results in the production of histamine. Although numerous microbial
species have been reported to contain the required histidine decarboxy-
last enzyme, few quantitative comparisons have been made. This study
viAl make quantitative comparisons of bacterial histamine production
in tuna fish media as well as a synthetic broth containing histidine.
The optimal conditions for histamine production will be determined for
several strains producinp high histamine levels.

RESULTS AND DISCUSSIOH OF RESULTS

Evaluation of numerous amine detection methods showed that a fluoro-
metric assay based on o-phthalaldehyde was the most sensitive and
speciftc for detection of histamine. A selective extraction step
(using n-hutanol) was used to extract histamine from interfering his-
tidyl dipeptides, These two procedures were combined to form an
analytical mthod for histamine analysis in foods that will detect
histamine at levels as low as 0.02 mg histamine/l00 g food. Resul.u
of pilot surveya indicated that sauerkraut and tuna fish had the
highest histamine contents of seafoods, cosminuted eats, luncheon
meats, cheeses, and sauerkraut products which were analyzed,

Over 100 different strains of bacteria were tested for their ability
to produce histamine in trypticase soy broth vit'i histidine and a
broth media *ade from a tuna fish infusion. Z'eiot movrpmii and
Rhterobcicer aemgones displayed a quantitative superiority in

226

m -- ft



M, '"T T W

terms of histimine production in both media. Although several strains
of Hafita alveC, iPmidencia aloalifaeiens, Entv'obaoter z coaoa
Protsus r'etteri and Citrobaet' ciiversun strains were found capable of
histamine production, it appeared as though P. mormii and
E. a rore"ea were the only strains capable of producing sufficient
histamine to elicit" a food poisoning episode.

Analysis of samples of tuna "sashiw i" involved in an outbreak of scom-
broid fish poisoning in San Francisco revealed 10 gram-negative bac-
terial strains presenit in the product. When the ability of each or-
ganism to produce hiltamine in tuna fish infusion broth was monitored,
a strain of Xteb8ieZz pnaumoniat capable of producing 732 mig hista-
mine in 7 hours was revealed. None of the other organisms isolated
were capable of equivalent histamine production. Examination of
50 strains of X. pnewiona. isol, ted from foods indicated 12 of these
strains were capable ' equivalent levels of histamine production.

CONCLUSIONS

The method developed for histamine analysis in foods, by using a
selective extraction procedure and a specific detection step, has ad-
vantage over other reported methods with respect to specificity,

sensitivity, and accuracy.

Proteus momrmnii, Pterobacter aeerogeea, and XIZebsieta pnewmorni have
the ability to produce histamine in quantities sufficient to elicit
outbreaks of scombroid fish poisoning.

.4 RF.COtMNATIONS

None

PUBLICATIONS

TAYLOR, S.L., and K.R. LIEBER. Specificity and sensitivity of seven
histamine detection methods. J Food Sci 42:1584-1586, 1978

TAYLOR, S.L., E.R. LEBER, and M. LEATHERWOOD. A simplified method for
histanine analysis of foods. J Food Sci 43:247-250, 1978

LIEBER, E.R., and S.L. TAYLOR. Thin layer chromatographic screening
methods for histamine in tuns fish. J Chromatogr 153t143-152, 1978

TAYLOR, S.L., L.S. GUIHERT?, M. LF.ATHEMOOD, F.J. TTLLMAN, and Z.R. f
LIEBRE. Histamine production by food-borne bacterial species.
(Submitted for publication)

TAYLO;t, S.L., L.S. GUTHERTZ, M. LEATHERt OOD, and E ' 'ECR. lista-
nine production by XlebeoiZa pneuane'w end an Inciae,. scombroid
fish poisoning. Applied Environ Hicrobiol (In prn )
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LERKE, P.A., S.8. WERNER, S.L. TAYLOR, and L.S. GUTIHERTZ. Scombroid
poisoning - report of an outbreak. West J Mod, 129:381-386, 1978

GUT JERTZ, L.S., S.L. TAYLOR, M. LVATHERWOOD, and E.R. LEBER. Bacterial
histamine production and an incident of seombrold fish poisoning.
Abstracts of the annual meeting, American Society for Microbiologi
(Las Vegas, Nevada, May 1978) p 188

TAYLOR, S.L., L.S. GUTIIERZ, M. LEATHERWOOD, and E.R. LIEBER. Histamine
levels in fermented foods and identification of histamine-producing
bacteria. Abstracts of Thirty-eihth Annual ?aeting of the Institute of
Food Technologists (Dallas. Texas, June 1978)

LIEBER, E.R., and S.L. TAYLOR. Comparison of thin-layer chromtographic
detection methods for histamine for food extracts. J hroamatogr 160:
227-237, 1978

F.X-2 The toxicity of histamine and other
blogenic amines as related to food
poisoning, the presence of Inhibitors
of histamine metabolizing enzyme in
food, dietary conditions, and other
gastrointestinal factors

PROBLEM

Consumption of foods containing abnormally high levels of histamine,
tyramine or other blogenic amines has resulted in outbreaks of food-
borne disease. Histamine, however, has been orally administered to
rats in large doses vithout apparent developmnt of the chemical symp-
toos of toxicity. Three enzymes found in the cells of the gastro-
intestinal tract are capable of histamine catabolism to non-toxic
substances. These enz s are monomine oxiae, diamine secapai (i 0)
and histamine--ethyltransferase (lif). Upon Ingestln of histamine
wilth a food. so, defect In the detoxification mehanism must occur.
Possible presence of naturally occurring or additive foodhorne Inhibitors
of these enzymes re quire* Investigation,

Rate, guinea pigs, and rhesus monkey* appear to have the capability
for intestinal histamine mtabolism. His taaine--Wmthyltran!!0are
from jejunal mucosa of rats, guinea pigs, and rhesus monkeys was
localized in the soluble fraction. )iaine oxidase (DAO) from Jejwsal
mocosa of rats and rhesus monkeys via localised in the soluble frac-
tion. Guinea pig jejunal mucosa had no observable DAP activity. ?be
dissociation constants (ts) observed for jejual WIT were 33.2 j& for
rat, 114L M for rhesus okem." and ', & for plus& pig. The Kms
observed for jejunal mocoeg for AO were 0.21 in for rat and
0.26 1 for rhesus wxnkey. Substrate inhibition wa incountered at
high substrate concentrations with rat 1017 and rat and monkey DAO.
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Species differences occur in abi.ity of intestinal tiase to catabolize
histamine. The lack of DAO in guinea pig Jejunum and the substrate
inhibition observed with rat 101T and with rat and monkey DAO may have
profound implications in terms of oral histmwine toxicity in these
species. The lack of oral toxicity with histamine demonstrated with
gu:,iea pigs and in humans seem- to indicate a vital role for histamine
c..cabolisn in protection from the effects of ingested histamine.

CONCLUSIONS AND RECO091ENDATIONS

None

PUBLICATIONE

TAYLOR, S.L., and K.R. LIEBER. Subeellular distribution and properties
of intestin). histamine-metabo izing enzymes from rats, guinea pigs
and Rhesus monkeys. Coup Biochem Physiol (In press)

TAYLOR, S.1 , and E.R. LIEBF.R. In vitro inhibition of rat intestinal
hi~tamine-rtabolizing enzymes. (Submitted for publication)

LIESER, E.R., And S... TAYLOR. Inhibition of intestinal histamine-
netaboU1eing ezyme by amines known to occur in scombroid fish.
(Abstract) Fifth International Congress of Food Science and Technology
(Kyoto, Japan, 17-22 September, 1978)I

EV-3 A survey of commerciallv packed
scomb~oid fish products, luncheon
meats, cheese, and sauerkraut for
histamine content

PROMYM9

Pilot surveys indicated that the highest histamine contents could be
!-und in scombroid fish products, certain luncheon meats, cheese, and
sauerkraut. A survey of histamine levels in these food groups can be
used to assess the potential of histamine poisoning. to set guidelines
for subsistence foods, and to determine the incidence of potentially
tcxic levels of histamine in foods. Hlistamine levels greater than

100 wqt/l00 S should be considered harmful..

RESULTS ADDISCUSSIO OF~ RESULTS

Among 50 samples of sauerkraut tested, the range of histamine level
was 0.91 mg/l00 g to 13.0 mg/l00 g and the average histamine content
was 5.06 mg/100 g. Such levels are much lower than those associated
with histamine poisoning so it can be concluded that sauerkraut i a
low risk product for this type of foodborne outbreak. 'hen luncheon
mseat-sausages were examined it was found that fermented sausages had
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much higher histamine levels than did the cooked and semi-dry sausages.
Cooked sausages had the lowest mean histamine levels with bologna -

0.55 mg/lO0 g, cooked salami - 0.83 ma/1 0 0 S, and Kosher salami -

0.50 m/100 g. Semi-dry sausages had blightly higher man histamine
levels than cooked sausages with beef sumr sausage - 1.07 mg/100 g,
thuringer-cervelat - 2.35 mg/lOS S, and thurInger 1.19 ng/1 00 0 g.
By comparison to cooked and semi-dry sausages, dry sausages had larger

and more variable amounts of histamine. Brand specific variations in
histamine content were noted for dry sausage. Italian dry salan and
pepperoni. Statistical analyses of results would indicate that the
natural fermentation process used with dry sausages can result in
the accumulation of high histamine levels. Since histamine accumula-
tion is most likely due to the presence of undesirable bacteria in
the early stages of fermentation, imposition of rigorous quality con-
trol procedures should circumvent any possible public health problems.

One-hundred cheese samples were examined for their histamine levels and
data analysis is currently in progress.

CONCLUS I ONS

3

;RFCOMHENTAT IONS

None

PULiCATIONS

TAYLOR, S.L., M. LFATHERWOOD, and E.R. LIEBER. A survey of histamine
levels In sausages. J1 Food Prot 41:634-637, 1978

TAYLOR, S.L.. M. LFATHERWO OD, and E.R. LIEBER. Histamine In sauerkraut.
A Researrh Note. 3 Food Sci 43:1030-1032, 1978

TAYLOR, S.L., E.R. LIEBER, and ?I. LEATHERMOD. A survey of histamine
levels In commercially processed scomhrold fish products. J Food
Quality 1:393-397, 1977-78

STYNo. 19 Investtqation into potential Insect
induced toxicological problem In
foods

L X-1 Insect toxic products In military
susbsistence -Induction and
quentitation
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The military, vith its necessity for transport and extended storage of
foods in environments favorable to insect infestation, has concern
about the potential health hazards associated vith chemicals re-
leased by insects into military subsistence. Several insect species
have been recognized as important pests of military subsistence and
many of these stored product insects are known to release chemicals
into infested food products. The nature and toxicity of many of the
chemicals remain to be determined. At present, no satisfactory methods
are available for detecting insect-induced chemicals in the contani-

noted subsistence. Toxicological evaluation of these chemicals is
inpossible in the absence of standardized nethods for identification
and quantitation of the suspected tuterial. The present study (a joint
effort of Department of Tropical Medicine and food HyReiene Division,
Department of outrltion) in designed to establish n in-house resource
of selected insects of military subsistence. to develop the required
methodology and to investigate conditions which promote the relea e of
the toxic chemicals.

RESULTSJU AN DSCUSSION ,OF RESULTS

Tree additinal species of stored products insects hve bon added
to the insectary: Tof 2 -nt destructorui and 7 (uKB) (both Colboptera,
Tenebrioneie) and hynopee o (l),ia (Coleopters, Bostrichidae).
Tie total number of colonies in now 12. Obtaning the tene-
bronLds is partcularly sgnificant because of the release ofa)
benzoqunones by these insects. R. bonrma is also reported to import
a characterstc odor to te ater l that ot Infests. Studies have
been initiated for rearn these beetles on subsistence items end
preliminary results look pro isn . Controlled rearng procedures
will permit qualitative and quantitative gait-liquid chromtographic

(LC) analyis of tile n benzoquinones in sexed adults af kno b e.

Tle GLC analys f 2-nethyl-ieotaoquinone (heQ), 2-ethyl-1of-benzo-
quinone () nd i-pentdsecne (PD) in sexed Tg.olit bmvioomis,,
A '. oaetne, 4". ooniluawn. and T'. mackn of known age postecdysis has
been completed.

The GLC analyses of Cynague a /Tue (Colooptera, Tenebrionidae)
extracts for 14BQ, EBQ and PD have been performd, The three maejor
peaks detected did not correspond to those of W, , EBQ and PD. Since
a quinotw? odor to detected from adult insects w~an disturbed, they are
probably releasing substituted benaoquincnes other than HB and EBQ..

Extracts of these insects were submitted to us for analysis by
colleagues at the University of Minnesota where the frequency of
infestation by this insect In increasing.
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Approval has been ohtained to conduct studies on the effects of hydrogen
phosphide fuitigation on benzoquinone release from Tenebrionides flour
beetles. Aluninun phosphide, which renerateos hydroRen pioshide, is
the Arnv's fumnigant of choice mid is currently used extensivelv for
stored products insect infestation.

CONCLUS IONS

The in-house resource of coleopterous stored-products posts of military
subsistence has been expanded to twelve species reared on selected sub-
sistence Items. These include six species of Tenebrionids, known or
suspected of producin, and releasing p-benzoquinones into the subsis-
tence they infest. Studies were completed on the levels of 2 -henzo-
quinones and 1-pentadecene in four species of Tribo~iw flour beetles
and have been initiated on two other species.

RECO? C1:NDATIONS

The investipation of Z-benzonuinnnes and I-pentadecene released by
other species of Ti-oliwi should be continued. Further wor: is also
necessar, on the release of these chenicals from flour beetles into
infesLed commodities under different environmental and stress conditions.
These data will provide information on the amount of 2-henzocluinone
present in infested flour which will be necessary for future toxi-
cological analyses.

PUBL ICATI O;S

WIRTZ, R.A., S.L. TAYLOR and SI.(. SWILY. Concentrations of substituted

zbenzoquitones and 1-pentadecene in the flour beetles TriboZiwn con-
:z4azo, J. du Val and y'-iboliw cantwzwn (Herbst). Coup Biochem
Physiol bl:25-28, 1978

1IRT, R.A., S.L. TAYLOR, and H1.(;. SIHLY. Concentrations of substituted
j.-benzoquinones and l-pentadecene in tie flour beetles Tziboziwn
"zdadw (Cluarp.) and T'boZiw'i brovicoie (Lec.) (Coleoptera,
Tenebrionidae). Comp Biochen Physiol 61:2870290, 1978

STUDY NO. 19 Investigation into potential insect
induced toxicological problem in
food

EX-2 Benzoquionones from thOe r.cttory
glands of Triboliws onfusw and
TriboZim oasnet - Assay,
reactions, effects, and acute toxicity

P ROBLE I

Stored products insect damage to Dol) subsistence items is anpreciable
and costly. The current criteria for disposal of infested subsistence
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materials are based on crude neasurments of whole insects and or
fragment counts. Sone stored products insects release toxic products
into the infested cormodity which may not be detected by us1n C current
rejection criteria. The tenbrionid flour beeltes release p-benzoquinones,
aend other conpounds, which have been reported to be toxic and carci-
nogenic in laboratory animals. A need exists to verify these reports
and to determine the toxicity and carcinogenicity/nutagenicity of the
benzoqtinones released by flour beetles into subsistence items whichmight be consiead by military personncl. The methods of choice for

initial deternination of benzoquinone toxicity and mutagenicity are
the Ames SaZ elZa typhiuriwn assay and the sex-linked recessive
lethal drooo :.ila rm anocawtar test.

MESULTS AND DISCUSSION OF RSULTS

Initial atteapts to detertitne the mutagenic activities of synthesized
p-benzluionones and insect secretory products were unsuccessful be-
cause of the inconpatibility of extraction solvents used with the Ames
assay vedium. New extraction methods have been developed and pilot
studies completed which indicate that beetle extracts with high levels
of 2,-h)enzoquinones can be supplied in solvents routinelv used with
the Ares assay.

Although| quantitation was uncontrolled in the initial tests because of
solvent incompatibility, it appears that the tenbrionid beetle extracts
and the Individual R-benzoquinones tested were lethal to the saDmnaZa
test strains. This experineut it a joint effort of personnel from
Department of Tropical Medicine and Food fly iene Division, Departrment
of Nutrition.

CO;3 LUSIOINS

None; this study Wes not been conpleted.

The toxic and nutagenic effects of tenebrionid beetle extracts and
individual -benzoquinones using the Ames assay should be cotpleted.
The effects of these naterials should also be examined using the
sex-linked recessive lethal Droto.hila test. This Information, as
well a acute and chronic toxicity lentils of the benzoquinones, will
be necessary to establish guidelines for rejection criteria of

tenebrionid-infested nilitary subsistence.

PUBLICATIO14S

Ione
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STUDY NO. 21 Enterotoxigenic Reoheriohia coZi
(EEC) from foods

EX-l Assessment of methods for the
identification of enterotoxin-
producing Feoherichia ooZi atrains

PROBLEM

Until recently, gastroenteritis of bacterial origin was most cowmonly
associated with species of Sab vneZZa, ShigeZla. and StaphZoooo~
aurua. Adequate methodology for isolation and identification of these
organisms exists. However, adequate methods for the separation
and identification of the recently recognized enterotoxigenic strains
of Feeheriohia ooZi (ECC) have not been developed. Although this orga-
nism is frequently isooated from foods, the incident of strains with
enterotoxigenic potential Is tnknown. Foods are a vehicle for
transmission of such strains. Our ability to Isolate and identify
these strmins is important for the protection of our troops' health.

Invasive as well as non-invasive strains of enterotoxigenic E. oo0i
have been identified. Among the non-invasive strains which can produce
diarrheal syndromes similar to salmonellosis, organisms may produce
either an antigenic heat-labile enterotoxin (LT) or a non-antigenic
heat-stable enterotoxin (ST) or both types. Although several clinical
assays have been developed for the identification of LT-producing
strains, the ligated intestinal loop is the only method available for
the assay of ST.

This experiment will evaluate the use of these methods for identifice-
tin of EEC In foods as well as for their routine use in food testing
labozatories. An assessment of the incidence of EEC in military sub-
sistence will be made.

RESULTS AN) DISCUSSION OF RESULTS

None; this study has not been completed.

CONCLUSIONS AND REOIEDATIONS

None

PUBLICATIONS

None
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EX-2 eHathodology for isolation of EEC from
foods

PROALDI

Foods can serve as the vehlicle for the transmission of enterotoxin-
producing strains of ).. ooli (ELC). In 1971, the first documented
case of such a transmission vas reported when an isolate of E. ooUi
serotype 0124:U17 was identified as the causative agent in an out-
break which occurred following the consumption of imported cheese.
Folloving this outbreak, a protocol based on serotyping, use of elevated
incubation teiperatures, and enrichment media was proposed for isolation
and identification of enterotoxigenic E. ocli strains.

Recently nublished studies have shotnt, however, that no relationship
exists between serotvpe and enterotoxigenic capability. This correlates
with the biological nature of plasnid and the desinstration that
enterotoxin production by K. ooli is plasmid mediated.

'. coli in frequently isolated fron foods and it Is not uncowon for a
food product to contain b or more biotypes of this organian. A dtec-
nination of the enterotoxigenic capabilities of each Isolated biotype
would be expensive, time-consuming, ad not feasible for a routine food
testing laboratory.

hllere is a need for nethodology outlining the selective isolation and
identification of strains with eiterotoxigenic potential. This experi-
ment is to deternLne necessary conditions for the selective isolation
of enterotoxigenic strains of V. ooli present in foods.

RESbLTS AND DISCUSS1o Of REMULYS

i;one; this study has not been conplcted.

COiAC(LUSIONS AND RICOT :IfLATIO.JS

None

PUIILICATIONS

.one

STU)Y AO. 22 Survival of pathogenic organism in
food prepared In a microwave oven

PROULi21

tooking by use of aicrowave energy is a feasible means of reducing
overall cooi.ing tine, conserving, food areparation space, reducing
manpouer requirements for final food preparation and, what properly
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employed, can reduce the overall energy used in preparing foods for
consumption. The Department of the Army (DA) has evaluated the use
of microwave cookery in conventional, proposed garrison and proposed
modular field facilitiee from an overall acceptance standpoint in
addition to their resource conserving features.

Some importait short-comings of microwave cookery have also been
identified and include: the lack of browning and associated flavor
formatLion, irregular heating of large or bulk food itens, inability
to heat products in metal or foil containers, excessive drying, and
the inabf'ity to select slower heating rates are some of the dis-
advantages most often listed. Fortunately, except for the lack of
browning and flavor development, which is irrelevant to this discus-
sion, these deficiencies can be circuented or negated with progres-
sive food service nanagement and/or oven design.

During the conventional cooking process, the death of microorganisms
Is directly related to cumulative time and temperature values. Be-
cause of the extremely rapid heat transfer into food items during
microwave cooking, the time/temperature values attributed to conven-
tional cooking are not achieved. This has led to questions concerning
ticrowave cooking from a public health standpoint: Are foodborne
pathogenic microorganisms and heat labile toxins destroyed?

RESULTS AND DISCUSSION OF RESULTS

In pilot experinents in which meatloaf was used as the contaninated
medium, there was considerable variation in the temperature of a pro-
duct after cooking. Temperatures were recorded at 9 positions in the
medium irtediately after cooking. A variation from position to position
of approxinately 60 C, 45 C and 30 C for microwave, conventional oven
and slow coohery, respectively. With such a wide variation in tempera-
tures, care was taken to assure the inoculating organisms were uniformly
dispvrsed throughout the loaf and that samples for isolation were
representative of all areas of the loaf. Microbial analysis taken
immediately after cooking was compared to the inoculum, The log of
the survival rate wax then plotted against the temperature for
CZoetridiw-, perfingena, Echerichia coti, Streptoocus fasoali8,
Staphylococcus aureue and total aerobic plate count. As expected,
the most effective form of cooking with regard to microbial destruction
was slow cooking followed by conventional oven and then nicrowave oven
in all cases.

CONCLUSIONS

Further analysis of data and possibly more replicas of experiments is
required.
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ASTRACT

PROJECT 1O. 3M16272811 Military Nutrition and Food Hygiene

WORK UNIT 140. 005 Radioisotope Support for Military
Medical Research

IResearch investigators are currently being supported vith radioisotope
services, including procurement and storage of radioisotopes, radiaton

safety monitoring, decontamination of glassvare. vaste disposal, uain-

tenance of appropriate logs and records, And maintenance of radiation

detection instruments for investigator use. 
A 40-hour AMA accredited

traininS course entitled, "The Safe Use and Handling of Radioisotopes,"

was presented on 2 separate occasions during the current fiscal year.

V,
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BODY OF REPORT

WORK UNIT NO. 005 Radioisotope Support for Military
Medical Research

PROLE

Military edical research projects often require the use of
radioisotopes. Adherence to governmental regulations to ensure safe
usage of radioisotopes by investigators is essential. Nuclear Regula-
tory Commission and Army regulations describe rules for procurement and
storage of radioisotopes, radiation safety monitoring, decontamination
of glassvare, radioactive waste disposal, and mintenance of logs and
records. Maintenance of radiation detection instruments and training
of personnel in the safe use of radioisotopes is necessary. In order
to meet these requirements, centralized radioisotope support is
essential.

RESULTS AND DISCUSSTON OF RESULTS

The use of radioisotopes in biomedical research has proven useful.
Radioactive substances may be used for tracer studies and therapy.ITracer studies may b utilized in either basic research or as diagnostic
aids. Tracer procedures may be employed to follow the behavior of
specific elements or compounds in the body or to follow the path of any
molecule to which a radioactive atom tins been attached, when the latter
takes no part in the metabolism. Thus, the formation of metabolic
products can be traced, the utilization of metabolic products can be
observed, and turnover studies can be rcadily performed. The Radio-
isotope Division is responsible for procurement and storage of
radloisotopes, radiation safety monitoring, decontat"InAtion of glassvare,radioactive waste disposal, and maintenance of logs and regulations. All

support functions delegated to the Radioisotope Division were mintained.
Advice and counsel are given to investigators regarding the use of
radioisotopes. beta and ganva counting instrwients are maintained for
use of investigators at LAIR in support of military medical research.
Current instrumentatinn Includes 7 liquid scintillation counters and
4 gawm counting instruments.

The Department of Information Sciences in able to provide computer
programming support such as disintegrations per minute for the beta
counters and various other programamble systems. This computer support
saves investigmtors and their technicians many man-hours which can be
better utilized for furthering their research efforts.

Bulk procurement of radioisotope support supplies, such as liquid
scintillation counting solutions and vials, results In price difference
savings. Additional savings are accrued by processing a few large
orders instead of numerous small orders from the 39 research investi-
gators currently authorized to use radioisotopes. A charge back system
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has been established to distribute these coots to the appropridte
research work unit.

Through the cooperative effort of the Health Physics Officer, LOC, the
Physicist, LAMC, and the Radiological Protection Officer, LAIR. a 40-hour
training course entilted, "Safe Use and Handling cf Radioisotopes*" vas
presented in November 1977 and again in May 1978. This course is nowi
ANA accredited.

CONCLUSIONS AND RF.(Ot9MEATIONS

The use of radioisotopes is essential to the mission of LAT?.. It is
recommended that the centralized support activity be maintained as the
most economicQ1 and etficient mans of making radioisotopes available to
research investigators while maintaining adequate control of their use
and thus protecting the health of laboratory personnel. Technological
studies should continue to identify the most efticient, the most accu-
ttre, and the most economical laboratory, proceduTes to be utsed in thi.

routine use of radioisotopes.

PUBLICATIONS

None
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ABSTRACT

PROJECT NO. 3H76772A811 Military Internal Medicine

WORK UNIT NO. 007 Basic Studies to Prevent or Speed
Recovery from Bone Injuries

The following inveMtigAtion has been conducted under this work unit:

STUDY NO. 1 Basic mineral metabolism studies

Studies have dewnstrated that 1.25-dihydroxycholecalciferol (1025(O) 2 D3 )
given to vitamin f-deficieat chick6 mediated an increase in serum cal-
ciu concentration (bone calcium mobilization), an increase in calcium
transport across the intestine, an increase ini bone calcium uptake, and
induced a calcium binding protein (CaBP). All of the mediated effects
except the increase in calcium transport were blocked by cycloheximide,
a protein synthesis inhibitor. The results demonstrate that protein
synthesis is necessary for the 1,25(OH)ZD 3 mediated bone Ca uptake and
bone Ca nobilization, but is not necessary for the mediated Ca transport
across the intestine. Although CalP is not necessary for this initial
mediated increase in Ca transport by 1,25(0NI) 2D3. it does appear to be
a regulator of cellular Ca concentration since its synthesis parallels
a decrease in cellular Ca accumulation. A study involving the influence
of dietary Ca upon the synthesis of CaBP demonstrated a direct relation-
ship between CalP and the dietary Ca concentration. Except for at least
the initial Ca transport across the intestine, 1,25(O") 2D3 appeared to
ediate its responses as a typical hormone via protein synthesis.
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BODY OF REPORT

WORK UNIT NO. 007 Basic Studies to Prevent or Speed
Recovery from Bone Injuries

STUDY NO. 1 Basic mineral metabolism studies

PROBLEM

Approximately 25Z of combat trauma includes fracture wounds. The impact
of fracture wounds is greater than that of flesh wounds because the
degree of incapacitation is considerably greater, the patients usually
must be evacuated, and the recovery time is usually prolonged. Fracture
wounds accounted for 5.78 million man-days lost by the Army between
1964 and 1969. While considerable effort has been expended to develop
and perfect methods of treatment for both flesh and fracture wounds, no
specific efforts have been made at the field level to modify the suscep-
tibility of soldiers to fracture wounds. Susceptibility to fracture
wounds varies greatly. Sore individuals are quite resistant even to
heavy trauma. Others sustain fractures without apparent trauma (stress
fractures). The degree of bone mineralization is a function of both
the amount of calcium and phosphorus absorbed from the gut and that
retained by the kidney. Vitamin 1) is intimately involved in both
intestinal absorption and renal retention of calcium as well as in the
mineralization process. To understand better the regulation of
intestinal calcium absorption, the acute response to 1,25-dihvdroxy
vitamin D3 (I,25-OH2D) was studied in the intestine and bone of chicks
with rickets.

RESULTS AND DISCUSSION OF RESULTS

Rachitic chicks were given 62.5 pmol of 1,25(O0) 2D3. Cycloheximide in
50 ug doses was administered starting 1 h before 1.25(O I)2D3, and at
subsequent 4-h intervals. The usual 1,25(OHI)2D3 mediated increase in
Ca transport as measured by 'SCa in the serum was observed. This
mediated increase was not blocked by cvcloheximide. "Ca uptake by
bone was significantly increased by 3 h after 1,25(OH)2D3 administra-
tion, maximized by 18 h, and declined to control level by 72 h.
However, unlike transport, this l,25(OIt)2D3 mediated bone response was
blocked by cyclohexinide. The 1.25(OH)2D3 mediated increase in serum
C.. vas also blocked by cycloheximide. The data suggest that 1,25(OH)2D3
induc.s protein synthesis which is necessary for both bone mineral
uptake and mobilization. However, we cannot conclude whether or not
both actions of 1,25(0I)2D3 on bone are mediated by the sam protein(s).
The data also show that the 1,25(00 2 D1 mediated mechanisms of the
intestine and bone are independent of each other.

In order to determine dosage effects on serum Ca, intestinal 45Ca
transport, bone 4$Ca uptake, duodenal Ca accumulation, and intestinal
CaBP, rachitic chfcks were given various doses (0, 1 10, 100, 1000 I.U.)
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of 1,2!((*)2D3 (1 I.U. - 62.5 pool). The following results were
observed 3 h after 1.25(OH)2D3 Wa administered: 1) no apparent dif-
ferences among serum Ca; 2) intestinal 45Ca transport and bone 4 5 Ca

uptake started to increase proportionally with dosage but then leveled

off at the three higher doses; 3) Ca accumulation increased proportion-
ally with the dosage except at the 1000 .U. dose which remained at

control (0 L.U.) level; and 4) CaMP was absent except at the high doses
(100 and 1000 I.U.) Where CaBP was barely detectable. At 18 h after

1,25(011)2D3 was administered, the following results % ere observed:

1) serum Ca was increased at all dosage levels over the controls; 2)
intestinal 45Ca transport and bone ' 5 Ca uptake increased proportionally

with dosage of 1,25(01021)3; 3) Ca accumulation initially remained at

control level for the 1 I.U. dose and then decreased and leveled out

for the 100 and 1000 I.U. doses; and 4) CaIP concentrations increased
proportionally with dosage. It is apparent that the mdiated effects

of 1.25(001)203 are affected proportionally by the dosalle of the metabo-

lite at the longer time period (18 h). However, the higher doses at

the shorter time period (3 h) apparently saturated the system and the

effect remains constant at the higher dose levels.

A 3 X 3 factorial design was used to assess the influence of dietary

calcium and dietary phosphorus on the mediated responses of 62.5 pool

of 1,25(0102DJ in rachitic chicks. Intestinal calcium transport, CaOP,

in vivo Ca accumulation by duodenal cells during transport, serum cal-

cium and phosphorus concentrations, bone accumulation of transported
4 5 Ca and percent bone ash were assessed 24 It after administering the

1,25(*1I) 2 D3 dose and simultaneously changing the diet. We found a

direct relationship between dietary calcium concentration and CaBP

concentration rather than the inverse relationship characteristic of

adaptation of normal chicks to low dietary calcium. Chicks fed normal

dietary calcium and phosphorus levels responded to 1,25(0I1) 2D3 by

elevated serum calcium concentration as expected, but those fed iow

dietary calcium and high dietary phosphorus responded by a significant

depression of serum calcium concentration. The results suggest that

dietary calcium influences CaBP synthesis via a direct effect on the
intestinal cell.

COtN'LUS IOS

Based on our observations, we propose that 1,25(OH)2D3, the active

hormonal metabolite of vitamin 1), exerts its mdiated effects on booe

calcium uptake and bone calcium mobilization v.a protein synthesis,

However, at least the initial calcium transport across the intestine

mediated by 1,25(01)2D3 is not dependent on protein synthesis. In fact,

1,25(011)2D3 probably exerts a direct effect on the permeability of the

intestinal cell's mebrane for calcium. The 1,25(00)2D3-dependent

CaBP is not involved in the initial mediated increase of Ca transport
across the intestinal cell, but is apparently somehow involved in the

regulation of accumlation of Ca in the intestinal call. Dietary cal-

cium influences the l,25(G) 2 D)3-dependent CaOP synthesis probably
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through a direct effect on the intestinal cell. The extent of these
1,25(O11) 2D3-mediated effects are proportional to the dosage of the
metabolite.

RECOMEN-IATIONS

Bone denattometry and ultrasound evaluation of military inductees
should be perfore- d. Inductees whose bone density is in the lower or
suhnorml range should receive dietary supplementation with calcium
and magnesium as vell as specialized exercise training programs dur-
ing their basic conhat training. Candidates should be prevented from
entering military nervice it their bore density value is nubnormal on
the basis that a high probability exists that they will be included
in the population of individuals medically retired due to bone and
joint problems.
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.,J/TABSTRACT

PROJECT NO. 3K762772A811 Military Nutrition and Foou hygiene

WORK UNIT NO. 010 The Metabolic Response of Hepatic
and Extra-Hepatic Tissues to Dietary
Substances, Drugs and Hormones in
Health and Disease

The following investigation has been conducted under this work unit:

SIUUY O. 12 Studies of non-insulin dependent mechanisms of
glucose utilization during exercise and trauma

The effects of somatomedin on gluconeogenesis was examined in the
isolated perfused rat liver. Sonatomedin was infused into th6 isolated
rat liver at 2 doses (lOU and 1000 uU/tml) alone and in combination with
insulin and glucagon. Arteriai &nd venoux samples of blood were
obtained at zero and 2u min after which the various combinations of
hormones were adTinistered. The fility of the perfused liver to form
17C-glucose and C-lactate from '" -alanine was measured and the effect
of the various hormone combinations was determined. Measurements were
made every 5 mitt of radioisotopically labeled substances, total glucose,

total alanine, total lactate, and cyclic-AMP. These analysis are
currently in progress.
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boDY OF REPORT

WORI. U"NtIT Nu. U10 Tile Metabolic Response of hepatic

aitd Lxtra-Iiepatic Tissues to Dietary
Substances, Drugs and horrones in
health and Disease

SI1UY "it. 12 Studies of non-insulin dependent
meclanisms of glucose utilization
during exercise and trauma

Ine mecnanisma of glucose utilizationi during the stress of exer'cise and

following trauma is not completely understood. Muscle glucose utilization

increases dramatically in these circumstances while- insulin secretion isI
decreasitg and insulin is being released from its receptors on cardiac
and skeletal muscle. Teleologically insulin would be detritnental for

exercise since hypoglycemia might result from excess glucose use and
since insulin in small amounts will inhibit hepatic gleconeogenesis. It
would be reasonable to predict and the evidence suggests that insulin is

not Cie primary mediator of glucose utilization during stress states such
as exercise, severe irauma and duritg; septic shock.

All of these circumstances have important military raifications.
Soldiers in training, maneuvers or combat must be capable of endurance
exercise and the possibility of trauma and infection are ever present.
Uderstanding the mechanisms of glucose utilization in such stress

states may lead to improved methods of treatment for trauma and methods
for increasing physical endurance.

In vivo studies during tne 1950s in which cross-perfused dogs and rats
ucre used, suggested that a ;umacral substance, that clearly is not

insulin, can cause glucose atilization during exercise. Those studies

suggested that the substance was a small molecular weight peptide, but
it was incompletely purified and not identified. More recently, sall
molecular weight peptides (40OU-TOU0 Daltons) have been found which
account for greater than 93' of the insulin-like activity in human serum
when measured in in vitro systems. These peptides have been called
sematomedins (Sm) because they appear to mediate the anabolic growth
activity of pituitary growth hormone (Gh). Host studies to date have
focused on purification, amino acid sequencing, and the clinical changes

that occur in acromegaly or hypopitul.arism. Although the Sm are active.

on the insulin receptor the effects of these substances are thought to be
minimal in in vivo situations since greater than 9UZ of these pvptides

are bound to a carrier protein in blood and thus are inactive. When
perfuscd into heart muscle in a solution free of c --ier protein, as
little as 0.2 PU/ml causes maximal glucose utilization. (The normal

amount in blood is arbitrarily defined as I unit/ml). The somatoaedin
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carrier protein system is unique in that the Sm are the only known
*. peptide hormone with a specific carrier protein. An acid environment

is required to separate the peptide from its carrier protein. It is not
unreasonable to postulate that during exercise local muscle acidosis or
a protease might cleave the peptide from its carrier and make it active.
The somatomedins could be considered to be candidates for the humoral
substance(s) responsible for non-insulin dependent glucose utilization.

RLSULTS b U DISCUS3IOU OF RESULTS

In previous studies we demonstrated a sruill increase in somatomedin
activity in blood from exercising subjects. The increase may have been
small because there was no actual increase in total Sm, but rather an
increased activity at the muscle site where there codld be increased
dissociation as postulated above. Such a mechanism would be pro-
tective in that the activity would persist only as long as the milieu
of the muscle was that which occurs during exercise; hypoglycenia after
exercise L.s prevented. There are other characteristics which the
hormone should possess if it is to be active during exercise. If Sm
is to be the exercise hormone, it should not inhibit gluconeogenesis as
insulin does. We have examined the effects of Sm on gluconeogenesi8
by perfusing isolated rat livers from fasted 180 g male rats with Sm
alne at 2 doses (100 and 1000 tU/ml) and in combination with insulin
and glucagon. For 20 min the livers were perfused (4.0 al/rin) with
washed human red cells suspended in Krebs-Ringer buffer containing amino
acids in physiological concentrations, 4Z Iovine serum alb,:7in and
14 C-alanine. Zero time arterial and ve,.uus samples were obtained at
20 mitt following which Sm (100 vl/m!), Sm plus glucagon (45 ng/ml), Sm
plus insulin (luO uU/ml), insulin alone, glucagon alone or buffer was
perfused for 2.5 nin. Vertous samples were collected at 5 min intervals
for measurement of totai glucose, total alanine, total lactate, -C_
glucose, 14C-lactace, 14C-alanine, and c1lP for a total of 4 collections
or 20 min. After this 20 min period the livers were perfused for another
2.5 min with the same combination of hormones except that the Sm was
increased to 1000 WU/ml. Venous blvod was collected at 5 min intervals
for 20 mxn for measurement of the same parameters. Quadruplicate livers
were perfused with each treatment group. The samples have been partially
analyzed but it is not possible to draw conclusions until all the samples
are anaiyzed and statistical evaluation has been made.

CONCLUSIONS

None

RECOML ON lols
This is important work and should be continued. With the discontinuation

of funding and the loss of investigative personnel it is not possible
to continue this work.

P LICATIONS
None
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~ABSTRACT

PKOJECT NO. 32762172A811 Hilitary Nutrition and Food Hygiene

WORK UNIT NO. 011 The Metabolic Response of the
Gastrointestinal Tract to Dietary
Substances, Drugs and Hormones in
Health and Disease

The following; investig~ations have been conducted under this work unit:

hrUVY NO0. 6 In vivo study of the control of small intestinal

enzymes in pan

STUDY NO. 10 Th]e effect of diet and drugs on Gilbert's disease

STUDY NO. 6 The effect of agentagastrin infusion In normal subjects
and selected patients or, the C-leucne incorporation into protein in
jeJunal enzyme activities has been sttudied. 4Patients with chronic

idiopathic diarrhea had gastrin levels and C-leucine incorporation
into protein of jejunal tissue similar to ihat of control ubjects.
There was no signiicant change in dcsaccharidase and pyruvate knase
activit ies, a slight increase in fructose-l,6-diphosphistase aldolase,
variable changes i.n fructose-l-phosphate aldolase, and a decrease fitii

fructose-lp.-diphsptase activities. In other patients there appared
to be an inverse relationsh~ip between gastrin evels after a test meal '

and the effe c t of a petntagastrin infusion on r C-leucine incorpoation
into Jejunal mucosal protein. I oepatient with high levels of
endogenous gastrin there was no -C--leucine incorporation into JeJualt
mucoval protein whi~le in another patient with no increase in serum .
gastrin afte f 4 test meal a pentagostrin infusion resulted in a marked

increase in C-leucine incorporatien into jejunal mucosal potein.
Dring studies done on one of the patients who also had chr .ic
o ,tructive pu1lionary disease it was found that intravenous glucose
worsncfed puI fry( nction. Administration of equivalent caloriae
as fat tIntrallpid') had no effect on pulmonary function.

STWiY N(,. 10 It has been demonstrated ii jaundiced Gunn rats that
dietary lipid reverses fasting hyp4i'bilirubinei&. Agets, such as
nicotinic acid, which block lipolysLs have a similar effect. We have
studied ' patients with Gilbert's di.sease by comparing the rise in
bilirubin during a series of 2-day fasts, intake of a 15% isocaloric
diet as fat, or during administration of nicotinic acid every 3 to 4
hours. The bilirubin levels were decreased more than 50% by fat or
uicotinic acid as compared to fasting levels. Free fatty acid levels
were lower dut ing the fat diet and aihowed fluctuating amplitude vWith a
wide range during nicotinic acid idninistration.
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BODY OF REPORT

WORK UNIT NO. 011 The Metabolic Response of the
Gastrointestinal Tract to Diietary
Substanc:.., Drugs and hormones in
Health and Disease

STUDY NO. 6 In vivo study of the control of
svadl intestinal enzymes in mai

PROBLIE1

An importanL aspect of acute gastrointestinal di,.ease invol.ves combat-
related abdominal Injury and its seauclae. Abdominal injuries occur
frequently in any military operation and serious complications may
develop. In World War II, in one field hospital, wounds of the stomach
comprised 416 of 3,154 cases of aIdominal injury. The fatality rate
was 40%. Approximately 30% of the abdominal injuries consisted of wounds
of the small intestine. Approximately 20 of the total number of
injuries required partial resection of the gastrointestinal tract. hany
patients with abdoninal injuries will have altered gastrointestinal
function secondary to resection of portic:a; of the intestinal tract.
With imprcved techniques of ftr-t aid, evacuation, blood replacement,
surgery, prnphylaxis and treatment of infection, we can expect an
increased number of combat-wounded soldiers to reach the post operative
period. At this poitst only general supportive measures are available
and no specific therapy is knowin which can hasten healing and restore
function of the gastrointestinal tract. Food intake, intestinalhormones and intestinal adaptation all make considerable contributions
to the recovery process after intestinal resection. Gastrin, a imly-

peptide hormone. synthesized in the gAstric antrum regulates the
metabolism and growth of gastrointestinil tract cells in animals.
Evidevce of the trophic action in human has been indirect. Mucosal
hyperplasia has been noted in ; ,tients with hypergastrinemia in the
Zollinger-Ellison syndrome .%nd sucosal atrophy and abnormal protein and
enzyme synthesis after subtotal gastric resection.

Two different laborazories have demonstrated the importance of food
intake in :egulating small intestinal enzymes. In rat, intravenous
hypiralimentation decreased intestinal malt&** and sucrase activities.
Tiseat gastrin fell concomitantly. The disaccharidasos were restorod
to control levals by pentagastrin which suggests that gastrin may
control intestinal disaccharidases which returned to normal after oral
feeding. Previous studies in this laboratory 1iAve denonstrated
increased activity of jejunl glycolytic enzyme in response to carbo-
hydrate mals. Specific sugars caused adaptive changes in the nxymss
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most concerned wil.h the mefabolism of the specific aLibmtrate and the
changes were in addition to a genieralized increase in enzyme activity
attributed to calories alone. Since food intake inflences gastrin and
intestinal enzymes, and since gastrin has documented trophic effects in
the gut, it ts conceivable that gastrin hn a generailized effect on
protein synthesis in the gut. If the trophic effect of gascrin is
required for normal intestinal protein ayntseeis. th n gastrin deficiency
statea, occurring as a consequence of geastric or intestinal rcsection,
could result in abnormal protei:t synthesis and stubsefqunt maladaptation
of intestinal enzymes. There is ample in vi o and in vitro support for
a gastrin trophic effect. There is also evidence to suggest that food
intake is important In determining tile level of intestinal enzymes and
the amount of tissue gastrin. Tihe acutely injured soldier who has loet
variable amounts of stomach and small intestine has reduced intestinal
function 'y virtue of the surgical revection. The enzyme activities
in the remaining gut are responsive to feod intake and gastrin, both of
whicis have been reduced by the s,tirgcal procedure. It An reasonable
to believe that replacement of gas~rin will restore intestinal enzymes
to normal and nasten restoration of gastrointestinal function. We
have studied the role of gastrin i;& the coatrol of selected intestinal
enz)mq activities in selected paitients with surgically altered gastric

physiology. We have determined if any alteration of intestinal enzyme
activity can be reversed by the administration of pentagastrin.
Related studiec on the dog hsive been done (Work Unit 043, Study No. 1).

KLSULTS AND 0ISCUSSIfN: OF RiSULITS

14
We have studied the effect of pentagastrin on C-leucine incorporation
into protein in jejunal tissue incubated in vitro and toie effect of
pentagastrin on selected jejunal enzyme activities in 4 huwun volunteers
and II patients with various gastrointestinal disorders (c:ironic
idioparhic diarrhea, post gautroduodenostomy with asd without vagotomy,
and post gastrojejutostomy).

For cacti subject. maximatl gastrin output was determained after a high
protein gastrin test meal. Pentagastrin (6 ;jg/min/kl,) was infused for
16 h. Peroral proximal Jejunal biopsies serC obtained before aw,

for 3 days after infusion.

The chronic idiopathic diarrhea pat.ients had gastrin levels and C-
leucine incorporation patternis similar to control subjects. There was
an elevation of serum gastrin within 15 to 30 min after the gastrin
test meal and a 10 to 15Z stimulation of - C-leucine itcorperation
into protein. There was no significant change in disaccharidase and
pyruvate kinase activities, a slight increase in fructose-l.6-diphos-
phat2 aldolase, variable results in fructose-l-phosphate aldolase, and
a decrease in fructose-1,6-diphospiatase activities.
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Iu one subject with diffuse gastritts who had no gastric sur*Xry, the
atimulated gastrin levelsi exceeded 500 pg/ml. There was no C-
leucine incorporation, a slight increase In fructose-l-phosphate
aldolase and waltasc activities, but a decreuse in other enzyne
activit ies.

In rttients with gastroduodenostomies, there was a significant increase
in C-leucine incorporation and phosphofrurtokinase and fructose-
1,6-phosplmte aldolase activities but no significant change in
disaccharidase activities.

In a patient with gastrojejunostomy (Dillroth It wi.h an 80% subtotal
gastrectomy), there wt no increase in serum gastrin after a test meal,
a marked increase in C-leucine incorporation and a significant
diminution of glycolytic enxyme activities 24 h after pentagastrin
infusion. There was no change in disaccharidase activities.

In the latter patient a study of the effects on jejunal enzyme and
protein synthetic mchanisms during hyperalicentation was attempted.
This aspect of gastrin activity has been extensively studied in vivo
in rats. A Broviac catheter was surgically placea and the patient
nouri he parenterally yi~b the Letterman Amy Medical Center's LIVN
solut on or lutralipid(' )" (Cutter Laboratories, Oakland). In
addition, we were able to evaluate the effects of intravenous carbo-
hydrate and lipid on respiratory parameters, because the patient
coincidentally had emphysema. We observed during three separate
studies that intravenous glucose infusion (240 to 504 gm/day)

resulted in progressive increases in respiratory exchange rates,
minute CO2 &nd 0 ventilation (Vc.. and V..), and more importantly,
decreased an arterial p11 and warketily increased P . The studies
using glucose as the caloric source had to be terminated because
of impending patient deterioration. Thus, the jejunal biopsies
d-;ring these periods were not obtained.

(R)When isocaloric fat (816 kcal/day in 750 ml Intralipid ) infusion
was begun, the respiratory parameters did not deteriorate as with
carbohydrate.

1 L1Vi son: D,, 4 nitrogen, 40mEq Na, 40 mEq 1+, 46 mEq Cl,

46 aq acetate, 8 mkq HG, 5 mEq eaci. Ca+ 2 and Zn+2 , elemental
phosphorus 419 mg and 0.7 ml multivitamins.

Intralipid~g): 54% linoleic acid, oleic acid 2b, palmi Ic

acid 9%, linolenic 82.
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CONCLUS IONS

Our preliminary data suggest that pentagastrin increases the ability of
jejunal epithelial cells of man to incorporate C-leucine into protein
in vitro, increases glycolytic enzymes in certain patients but has no
effect on dibsacharidase activity.

In addition, from observations of respiratory parameters during hyper-
alimentation, we conclude that intravenous carbohydrate loading can
increase V . . and decrease in the face of compromised

SaP 2pulmonary Euactio'i. The clinical significance of these findings is
under investigation. The beneficial effects of an isocaloic lipid
load may have far-reachinb effects on the nutritional management of
patients with chronic obstructive pulmonary disease.

KECOMENDAT IONS

These studies should be continued but becaune of lack of funding they
will be terminated.

PUBLICA1 i 4S

1. NY LUou, U., R. 1lChS, and R. 11. hL.I/i'A. The action of pentagastrin
oh jejunal enzymes and protein synthesis i humans. Scand J
GastroenLerol 13: lib, 1976.

2. .YLUND, B., T. 1. CLLV.ER, and It. D. CA aWEI.L. The effects of
intravenous carbohydrate in a patient with chrunit. obstructive pulmonary
disease (,Oi'D). Surg Forum (i press)

STUDY 1J). 10 The effect of diet and drugs on
Gilbert's disease

PROBLIM

The mechanism of fasting hyperbilirubinemia in Gilbert's disease is
unknown. Studies in jaundiced Gunn rats show that blocking lipolysis
with nicotinic acid during a fast will inhibit the rise in serum
bilirubin. Dietary lipid in small quantities also inhibits the rise
in bilirubin and free fatty acids seen in fasting Gunn rats. There
appears to be a relationship between lipolysis and the mechanism of
fasting hyperbilirubinemia. Oral fat appears to inhibit lipolysis by
some as yet unexplained mechanism. Understanding the mecnanism of
control of lkpolysis by dietary fat will enable us to explain the
mobilization of energy during fasting or prolonged exercise. Control
of total body fat in obese and lean persons seems to be an integral
part of these metabolic processes.
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RESULTS AND DISCUSSION OF RESULTS

To date 5 patients have been studied. Each patient fasted
intermittently for 2-day periods with 4 to 5 control days between each
fast. Free fatty acid levels and bilirubin (total and direct) were
measured 4 times/day. The mean of all the morning; values for control
days was calculated for each patient and was considered to be 100%.
The bilirubin and free iatty acid levels during fasting were compared
to the mean control values and are expressed as percent above control.

After 36 ht of fasting the bilirubin level was 210 + 27Z (SEX) and after
60 It it was 253 + 33%. The bilirubin level with tie 15Z isocaloric
diet supplied as faO 1 09 + 15Z after 36 h and 143 + 15Z after
(0 h. During administration of nicotinic acid (50 ag every 4 I)
during fasting the bilirubin level was 105 + 17Z at 36 h and 125 + 8%
at 60 h. The free fatty acid levels rose to 194 + 18% of control
after 30 h and to 230 + 15Z after bO h. During the fast with a small
quantity of :at the free fatty acid level was 121 + 11% of control
after 30 h and 150 + 22% after 60 h. The free fatty acid levels
Ziuctuated widely while the patients were on nicotinic acid -robably
due to L&e rebound of free fatty acid levels seen about 3 h after
xu~estion of we drug.

These results suggest thaL bilirubin is released into the circulation
during fastint from adipose tibbue and causes hyperbilirubinemia. The
release is blocked by dietary lipid. This lipid specific effect may
participate in the dietary modulation of strum bilirubin levels and in
the synthesis and catAbolism of fat in the lauman.

COKCLUS IOS,!

We have appli.ed the results of animal studies to man. fasting hyper-bilirubinemia is related to lipolysis acid the floe in serum bilirubin i

can be prevented if lipolysis is blocked. We have shown that dietary
lipid during fasting partially blocks lipolysis.

BECOW[ENDAT IONS

These studies should be continued in animals and humans. Animals should
be studied with the use of double isotopic labeling of endogenous fat.
The human studies would involve determining the type of dietary fat that
is the most effective in blocking lipolysis.

PUBLICATIONS

1. ,II RIS, t. E., E. ROSENTAL, t. H. NEWLAN, and H. M. THALER:
Mechanism of fasting hyperbilirubinemia in Gilbert's Syndrome:
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Inhibition of lipolysin by dietary lipid. (Abstract) in: Program for
American Association for the Study of Liver Disease, Chicago, IL,
8 November 1978.

2. ROSENTAL, E., R. E. MURIIS, R. It. HER1AN, and H. H. THALER:
Opposing effects of nicotinic acid on bilirubin nutrition. (Abstract)
Gastroenterology (In press)
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-co'nt rtc t . A pilzt in-hcau-e bre~dinst program has producted 14 11'*e births and
I, I n4. in. h-.;.e breedinF of th:; Species h*5 been curtnfleld due to a reduction in

A:' -- el and lack mf caging f~icllitit's for juventie pr!m~tes. Trhe contract for pro-
'!mi ulatta hao; not bten Pwarded due Ao a hortage of funds.

t:) .v~9 :00. cal .0"S. #ato." ... 0%00.91 00 14S o.a
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ABSTRACT

PROJECT NO. 3Mb277A812 Military Research Animal Resources

WORK UNIT NO. 001 Studies to Assure a Supply of ?Mn-
human Primates for Research

Tit- following invest i lat ions have been conducted under this ..-.,k unit:

STUDY \r. 1 &istc studies in reproduction of owl monkeys

STUDY NO. 2 Development of husbandry methods for an outdoor
colony of ,acanue monkeys

Nonhuman prindles are essential for a number of areas of military bio-
medical research. .Ye-st notablv thev are used in infectious disease to
establish pathogenesis of inflctions and tests of chemotherapeutic

,agencs and vaccines. They are also needed for research in trauma, re-
so i tilttion, performance. ,and toxicology. All of these studies are

designed I,- benefit military personnel who are exposed to disease or
toxic substa:'ees or %c-ho suffer initury ia perforti-ice of duty.

Nonhktin .n prinites from foreign, sources are becominR decreasingly avail-
able. futture stipplies depend uipon development of domt~stic breeding
colonfic-,. Muct'n ceds to be learned so they can be produced Ins large
numbers and an economiclctly as possible,

This stud" has made a subtantial contribution to the limited amount of
data available about the husbandry of this nocturnal primate.

STUDY NO. I At present there are 110 ani"als in the owl monkey colony,
.cludinp, IS 1,redinF pairs and 2S offsprii .-. Kist anlrrl s have been
karvotvpedand IfeI -enditv evaluated in terms of karvotvpe matching and
daptaltitoll to i .Tboratorv .-onditinns. Crowth of yotng aninirals has been

described in terms of a.e4 body weight, and skeletal maturation. New
techniques for pregltvncv diapnosis and in vivo body compositiot analy-

I.sis have been devvioped.i
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BODY OF REPORT

WORK UNIT NO. 001 Studies to Assure a Supply c.f Non-
humn Primates in Rescarch

STUDY N40. 1 Basic studies in reproduction of
owl mcnkeys

PROBI.EM

There is a critical shortage of owl monkevs (Aotus sp.) for biomedical
research because the countries of origin have severely limited exporta-
tion, In the near future owl monkeys will be placed on the list of
endangered species. This wil I make importation of these animals impos-
sible at any cost.

Owl monkeys are the only nonhuman primate in which falciparum malaria
can be =Intalned. Consequentlv, the Army is dependent upon these ani-
mals for research in preventi an J'n. ,.': : f malaria.

The long-term solution to provide a source of these aninals is a domestic
breeding program. Little is known alxut the reproductive biology or
behavior of owl monkeys. Until recently, consistent breeding and rear-
in of these animils in captivitv had not been accomplished.

The obiective ,of this ,;t,,dv is to determine the environmental and
husbandrv conditions. physiological state, and behavior which contribute
to successful labxrntory breeding, and rearing of owl monkeys. The
specific investigations in progress are owl monkey husbandry. cytogenetic
analvsis, behavior patterns. hematology, blood chemistry, virology,
pathology, zrowth, pregn-ancv diagnosis, nutrition, and urine analysis.

RESULTS AND DISCUSSION OF RESULTS

Since the arrival of the first group of owl monkeys in May 1975, the
breeding program has produced 32 live progeny. At the present time, the

colony contains 110 animals, including 25 offspring and 85 adults, of
which 76 are paired for breeding and 9 are single males. The oldest
LAIR-born animal is 2.8 years, too young for entry into the breeding
program.

During the past year, certain modifications in colony management were
instituted, Canned cormiercial monkey food was eliminated from the diet
because it was not readily consumed, was expensive, and did not appear
critical to optimal nutrition. Also, the use of instant breakfast drink
to soak dry commercial monkey bisquets was discontinued because of its
expense and lack of impact on acceptability. Subsequent to behavioral
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analyses to assure that established characteristics would not be ad-

versely affected, the ight cycle was increased to 13 hours, 2100 to
1000 hours daily, and the dark cycle was correspondingly reduced; the
30-minute transition between cycles was continued. This change allowed
better husbandry by a reduced technical staff. At present access to the
colony is restricted to the principal investigator and two specific

veterinary technicians. Such restriction was imposed to reduce environ-

mental variables and so enhance colony productivity.

All animals imported from Bolivia and Panama and some LAIR-born off-
spring were katryotyped in FY 78. Results from other LAIR-born animals

have yet to be received. The cytogenetic analysis was performed by
Dr. T.C. Jones of Pathobiology, Inc., Marlboro, MA. Six karyotypes

were identified.

Since I October 1977, 11 monkeys have died, including 6 adults and 5

LA1R-horn young animais. All were necropsied and tissues were evaluated

by light microscopy. In some cases, scanning and transmission electron
microscopy were also used. Causes of death have been variable and un-
related. In young animals death could be associated with septicemia at
or near partsrition, stress of weaning, or behavioral factors, especially

parental rejection and abuse. In adult monkeys, death could be associ-

ated with non-specific clinical signs of central nervous svsten. (CNS)

deterioration in 2 animals, reaction to ketamine in I animal, and

severe renal disease in 2 animals. Anemia of unknown cause has been ob-
surved in some animils but has resolved spontaneotislv following sympto-
matic treatment and intensive nursing care.

On the basis of karyotvpe, the 38 brecd!nv pairs in the colony can be

diviled into four breeding groups. Breeding by karyotype seemed neces-

sary to examine those factors which seem critical to fecundity. The

majority of the progeny have been produced from group I (karyotype pairs

Ill x II, TI x II, Ill x 1I1, and IV x III) which are of Colombian

origin, .have been at LAIR for three years. and were acclimated to labora-

tory environment prior to arrival. The production rate for II x II

karyotype pairs is almost twice that of III x III pairs. The frequency

of abortions is about the same between the two groups, and only four

pairs account for all abortions in group I. Croup II is composed of

pairs of different origin and karyotype (VI x VI, IX x IX, III x IV,
and II x VIII). Production did occur in two pairs received from other

laboratories (IX x IX, III x IX). All animals of Bolivian origin,

gee". III (VI x VI) have failed to produce progeny or demonstrate posi-

tive tests. ost of these animals were wild-caught, therefore,failure in production may be the result of slow acclimation to a labors-

tory environment. However. establishment of a productiontcolony requires

that the progeny also mate successfully. We estimate that these animals

must be at least 3 years old before they reach sexual maturity.

After a behavioral taxonomy for owl monkeys was established, the activ-

ity distribution pattern was completed. It was demonstrated that
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activity for adults of either sex, different sources, or juveniles was
about the same pattern but varied with intensity. All animals came out
of their nest boxes when lights were off and spent most of their time
outside the box until the lights went on :1 hours later. Activity
curves have been prepared for 18 behavioral categories for all observed
groups, including all animals, all adults, all juveniles, male or fe-
male animals, adults from Bolivia, and adults from Colombia. Signifi-
cant differences were observed between animals of Bolivian and Colombian
origin. Those from Bolivia were more active, showing more locomotor and
paly behavior. As would be expected, juvenile animals were more active
than adults.

All animals showed three peaks in feeding behavior. The first just after
the morning (after the light change to darkness) feeding, the second at
the afternoon feeding, and a third smaller peak about two hours before
the light change to daylight. This behavior was not altered by changes
in feeding schedules such as three small meals per day or one large
meal per day. Twice-a-day feeding, however, seems to provide better nu-
trition. The feeding activity pattern in the colony, therefore, seems
to correspond to that reported for owl monkeys in the wild.

Continued collection of blood samples for henatology and serum chemistry
gave results that did not change sipgnificantly from those reported last
year. This confirms that the values previously reported are probably
characteristic for our colony.

Swab samples from two sites, the oropharynx and rectum, and serum
samples were taken for isolation and identification of viruses cortmonly
carried by animals in this colony. This work was accomplished and re-
ported under Project No. 3M762772A812, Work Unit 004, Study No. 3.

A project to determine owl monkey growth and skeletal maturation was
undertaken and mostly completed physical growth was atudied radio-
graphically and by measuring body weights in 25 laboratory-born owl
monkeys of known origin. All ossification centers were radiographi-ally
visible at approximately 300 days. Epiphvseal fusion began around
400 days of age and appeared completed by 9M0 days. In some instances,
adult wcight was obtained as early as 500 days of age, but skeletal
maturation was still continuing. Therefore, body weight was not con-
sidered to be an accurate indicator of chronological age during the
skeletal maturation period. It was determined that chronological age
of owl monkeys could be best estimated by evaluation of the presence
of ossification centers and the number and location of fused epiphyses.

An immunological pregnancy diagnosis technique, by wising urine, hag
proven effective. Since the inception of the use of this technique in
November 1977, no false negative results have been detected, no monkeys
have had a negative result before parturition or abortion. However,
some animals have converted from negative to positive to negative again.

This Is troublesome but can be reasonably explained by fetal resorbtion,
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undetected abortion. or variation in interpretation 
of test results.

Early detection of pregnancy allows for changes 
in management techniques

to minimize stress to pregnant animals, thus abortions resulting from

stress are decreased.

New techniques have been developed to measure body composition in owl

monkeys. A pilot study was completed successfully 
and more data collec-

tion in the future is anticipated. Techniques for safe consistent col-

lection of semen from male owl monkeys are also being determined.

Successful completion will allow for'combined 
studies of male fertility.

As of June 1978. the number of technical personnel assigned to owl mon-

key project was reduced from 3 to 2 technicians. With only two tech-

nicians to assist in conducting research and taking care 
of daily colony

mutintenance, it is impossible to both maintain the owl monkey 
colony in

a satisfactory manner and perform research. 
In order to p'ovide 7-day-

a-week care, it is necessary that of every 5-day work 
week, there are

only three days when both technicians are 
present. This does not mahe

allow.ances. furthermore, for absences because of illness, extra or

specal duties, or leave. One man day is required to provide minimum

dailv care to the colony. Therefore, when the second technician is

Available, most of his/her time must bc- employed in performing more de-

tailed maintenance procedures including 
collection oi urine for preg-

nancy -ests, monitoring animal health, treatment 
of sick animals, and

record keeping. These procedures are needed just to 
maintain a healthy

colony. Obviously, with only two technicians 
availab.e, it is diffi-

cult to accomplish the minimum, let alone any research.

CONCLUS IONS

1. Wild-caught owl monkeys, particularly 
those of Colombian origin,

can be maintained and cated effectively 
in a controlled environment.

2. Alterations in the environment adversely offect 
Rood health and

reprodv lion

3. Husbandry conditions in our colony are 
appropriate and efficient in

terms of fecundity.

4,. Behavior must be monitored continuously 
and daily, particularly at

weaning and new-pair formatiov, to ansure viability and maturation of

of fsprinp.

_. Growth and skeletal development for owl monkeys 
in an artificial

environment has been described.

RECOMIENDATIONS

The provisions of the protocol should 
be completed to include establish-

ment of nutrient requirements. identification 
of hematologic and
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biochemical reactions to specific stresses, and delineation of behav-.
ioral ani. physiologic requirements for reproduction of wild-caught and
laboratory-born monkeys.
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SYL)Y NO. 5 Development of husbandry methods
for an outdoor colony of macaque
m)nkeys

I ere is a critical ahortage of rhesun monkeys (Macaca mulatfta) for
research because the countries of origin have restrlct2d exports. Th
rhesus n.D;kev Is used b- the I'S Army for "any areas of research. The
cvnono'.us monkey (Macaca fasiculeris) is a possible replacement for
the rhesus onkey, or at least for sone studies. However, the deRree
of intercange .lltv or the tw3 species I- not known. The cynomolg-is
monkey fa-ex the same problelas (i.e., about restrictions on exportte;
that have resulted In scarnity of rhesus monkeys. The Army must
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provide for its own future needs for these species and must do so in
the most expeditious and inexpensive fashion possible. There is also
the real danger that no breeding stock will be available after the next
2 to 3 years,
The best solution is to establish domestic breeding colonies of these

species. In order to do so, inexpensive, efficient, and scientifically
sound methods of husbandry, medical management, and facility design

munt be developed. In the case of the rhesus monkey, considerable In-
formation is available, but little is known about the specifics of
out-door breeding colony operations. The cynomolqus monkey has seen
only limited use in this country as an exnerimental animal. Little is
known of its reproductive biology or climatic adaptability.

The object t-f this study is to develop inexpensive techniques of out-
door colotov manaRement. husbandry methods. diease control and eradi-
cation, breeder selection, and rearing of offspring For the cynomol-
gus monkey, ovulatory cycles, herwmnal cycles, and social factors
beneficial to reproduction must be discovered.

RESULTS AND DISCUSSION OF RESULTS

The majority of the rhesus and cvn-imxl gus monkeys in the colony are

approaching scxual mnturiv. Clinical laboratory examinations have
* been restricted to the mininum necessary to protect the health of the

colony. Some cege breeding has been accomplished as a check for breed-
ing maturity and the ability of males to copolate. To date, 14 live
births and three abortions have resulted. An additional three females
are currently pregnant. Currently the cage breeding of the macaques.
both rhesus and cynomolgus, has been curtailed due to lack of housing

F and shortage of animal care personnel. The land reserved at Camp
Pirksc California, for the outdoor colony has not been developed, nor

f has the request for proposal (RrP) to obtain extramural research i
outdoor production of macaques been advertised.

~~~CONCLUgS !NS '

Import limitr, tions o( non-huan prtrvites and the increasin -ost of
laboratory-raised and laboratory-conditioned animals will reduce the
use of these animals to a minimum. Army requirements for non-human V
primates is not expected to decrease. Thus. non-human primates will
continue to be needed for current malaria research programs and several A

other experimental programs considered to be of critical need.

Studies to determine the husbandry methods and practices and the physio-
logic characters conducive to a successful outdoor breeding colony off. mulaeta monkeys have been severely restricted by a lack of funds to
acquire adequate facilities and by a rtduction of the professional and
te-hnical staff at LAIR. Because of the lead time required to establish
a successful colony of non-human primates, each year lost postpones the
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day when MRDC might be self-sufficient in the supply of these animals

for recenrc, purposes.

RECOM (ENfATIONS

Establishment by contract of an outdoor breeding colony of rhesum and
cynomolgus monkeys has not been initiated due to shortage of funds.
Reduction in professional "taft and animal care personnel at IAIR will
severely restrict attempts to identify and define physiological param-
eters that would lead to a successful breeding program. It is recom-
mended, therefore, that this study be discontinued.

PUBI.CATIONS

None
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(U) An'Imal ,Model; (U) Physiology: (U) Animal. Diseases; (U) Laboratory Animal

are used. Animals have threefold importance as resources in medical research. (1) Ne

knowledge of ph~,lOgltC processes in soldiers canbe derive througth study of similar
processes in the anial by using mthods not feasible in man. It is imprative that the
aniua s be in normal health and also that the correct -,ni,.sl species be tused because in-
terspecies Variation occur. (2) .Many diseases of anir~as may be studled as models to
enhance prevention, detection, and treatnent counterpart diseases "uired by sol-

ilers. (3) The animals are a mjor econo,.ic resource, so there is constant need for im-
proved husbandry methods. These studies well contribute to iStoeed animal care and to
identification, development, and usee of animal mode1 to investitgate normal and abnormal
health procsses in soldiers.V24. (C) Animal diseases which also occur in soldiers, such as der-matitis, will be char-
actertzed by modern laboratory methods to determine their appropriateness as model sys-
te--s for the human condition. Costly laboratory animB diseases, e.L., respiratory
dseases in cats, ill be studied for eventul eradication. Normal processes, e.g.,

utilization of vitamin C, rill be studied so as to imp~rove animal care as well as for

,.ossible extrapolation to the soldier.(5. (C) 7710-7809 Viral isolates from 52 cats, 168 rhesus and 131 ol moys were
identified. Attempts vere made to correlate viral isolation with the 'rrseace of anti

otdv st*er in cats and rhesin mnkeys and Vith karotylp mand country o origin r ite o l

anele's. Knovledge of the epidemlog of viral infection wihin the animal colonies
ehnts esures to be taken to minimize loss from disease and compromise of' ebperi-
ed:al hesults. Acid-base and blood gas characteristics of procine blood vre found to

ieuf 'centy close to those of huan blood to serve as a useful model. This. study

healt rocensted due to,reIrgfl.tabn of LAIR

actei g8 by od labraor method to deemn their &prpra e asl, model,.Sys-
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ABSTRACT

PROJECT NO. 3M762772A812 Military Research Animal Resources

WORK UNIT NO. 002 Development of Military Reserrch
Animal Resourc.

The following Investigations have been conducted under this work unit:

STUDY ,0. 3 Infectious disease surveillance of laboratory
animals

STUDY NO. 5 Physiological and biochemical clhracteristics
of domestic swine used in military research

STUDY NO. 3 The owl monkey colonies, rhesus monkeys, and a group of
newly purchased cats were studied to determine the viral infection(s)
present in LAIR's l.boratory animals. The study revealed that owl
monkeys are frequently infected with three different serologic types of
adenovirus and eight serotypes of cytomegalovirus. In some individual
owl monkeys both viruses persisted for many months. Of 168 rhesus
mtnkeys, seven serotypes of adenovirus, Herpesvirus simiai, and simian
foam- virus were identified. From a group of 52 newly purchased cats,
23' orophar.ngeal swabs were collected. Feline herpesvirus, feline
calicivirus, and feline syncytial-forming virus were isolated from 26,
49, and 95 swab samples, respectively.

STUDY 90N. 5 Acid-base and blood gas characteristics of porcitte blood
were found to be sufficiently close to those of human blood to serve as
a useful model.
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BODY OF REPOPT

kO1QK INIT NO. 002 D~evelopment of Military Research
Animil Resources

STUDY NO. 3 Infectious disease surveillance of
laboratory animals

Laboratory anirals represent a ma jor economic resource in the US Army
m edical research effort. Outbreaks of infectious disease in an animal

r colony are economically wasteful and can be devestating to on-going
research. Monitoring for the presence of infectious agents through
-linical histories, lab-.iCtorv tests. immunologic surveys, studies of
gross pathology and histewpathology, and microbiological studies is an
effective method for the early recognition, diagnosis, and control of
infectious diseases.

The objectives of this studv are (1) to investigate the prevalance,
cause, control, and -,limnation of I:fectious diseases among laboratory
anim-wls at LAIR, (2) to identify and characterlize animal models of
human disease from instances of spontaneous disease occurrence in the
colony. (1) to identifv and eliminate ,nimil s carrving dangerous
zoonotic diseases.

RESII-TS AND L!CSINOF RFSVIATS

Owl Mo ,kevs. hree serotvpe. of adenovirus and eight serotypes of
cvtomegalovirus were isolated from owl monkeys.

Adenovirus. From a colony of 131 owl monkeys. adenovirus was isolated
68 times from 413 oropharyngeal and rectal swab sample pairs collected
over a 3-year period. Sixtv-three of 68 adenovirus isolates were e
grouped by neutralization into I to 3 types designated owl monkey adeno
virus types Iv i1, and Ill, The OMAV Ty I and Ty I were Identified by
neutralization with antiserm to squirrel monkey adenoviru.q type I and
adenovirus SV I1, respectively. The OVAV Ty I11 was partially neutral-
ized by antiserum to OMAV Ty It.

The OMAV Ty I was isolated from 8 of 30 newlv imported owl monkeys
(group IV) within 3 weekR of arrival. Thirteen of 26 had four-fold or
greater rise in serum neutraliration (SN) titer with 25 of 27 develop-
ing SN titers of - 1:80. Forty of 87 other owl monkeys in the colony
had SN titers of 1 15.
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The O.AV Tv 11 was Isolated from 51 to 433 (12Z) swab sample pairs.
Virus ws isolated from 26 owl monkeys with 13 having persistent infec-
t ions. Viral isolations spanned a 10- to 17-month period for 5 of these
o,.l monkevs. In 114 owl monkevs, 101 (861) had SN titers to O}'A Ty II

S1'20.

The O.tAV Tv III was isolated from 3 owl monkeys. Ninety-three of 114
(82t) owl monkevs had SN titers to O"AV Tv 111 of " 1-20. Although the
distribution of SN titers was similar €or OHMV Tv II and Tv III, 42 of
114 (377) owl mronkevq had eivht-fold or greater differences in SN titers
between OMAV Tv 11 and Tv 11 1.

Cvtomegalovirus. Cell -asoclated herpesvirus or cvtomegalovirls was
Isolated from 74 to 131 owl monkeys. In 24 infected monkeys the infec-
tion persisted for over 12 months; 18 others shed virus for over 6
months. Eight distinct serotvpes of virus have been identified as
fo I Iows :

Serot.pe No. of Isolates

A 12
B 15
C 57
DI 6
F 1
C" 67
I it

K
C*c 8

Ident if icat ion of 37 ot her Isolates was not possible because of the
l.ck of specific ant!-cra.

Amonp owl monkevs at LAIT" there are 6 different karvotvpes"

Karyot'pe OriFip 5erotype of. irus Isolated

11 Colombia B. C, r
IT! Colombia B, C, C
IV Colombia B, C, r,
VI kl ivia A,C.D.E., and I
VIII Panama K

IX Panama K

Except for 2 Isolates of serotvpe C from 2 owl rionkeys of karyotype Vi,
a given serotype was only isolated from owl monkoys of the same country
of origin. Fifteen LAIR-born owl monkeys were also found to be in-
fected with cvtomeialovirus. These animals are of karyotype It. TI,
and IV, and they were infected with the same serotvpes (B, C, and G)
as their parents.
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Rhesus and Cynomolgus monkeys . At the beginning of FY 78, the colony

of Old World monkeys consisted of 134 rhesus and 20 cynomolgus monkeys

(group 1). In addition, 24 rhesus monkeys arrived on 27 September 1977

(grnup 2) and were held in quarantine for 8 weeks. From group 1, 177

pairs of oropharyngeal and rectal swab sanles were collected and tested.

The following viruses were isolated and identified: adenovirus SV 20

(9 isolates), SV 23 (1). SV 33 (1), and SA 7 (1): entervirus SV 16 (1),

and SV 26 (2); llerpesvirus sfimiac (1), and simian foamy virus (101).

From group 2, swab sa..le pairs were collected at 1, 10, and 45 days

after arrival. The following viruses were isolated and identified:

adeno-irus SV 20 (18), SV 23 (2), and SV 34 (2): and simian foamy

virus (49).

Serum from wonkeys of groups I and 2 was tested for percipitating (PPT)
: antibody to SFW by using the microilmunodiffusion tests. Antigens

were! prepared in v- vo cell cultures to SFV isolates No. 7-387 (type 2)

and 7-411 (type 1). From group 1, 133 of 154 (871) were positive,

The SFV was isolated from 93 of 133 (702) of the PPT antibody-positive

monkeys. From group 2, 21 of 24 (87.5%) monkeys had PPT antibody.

In group 2, SFV was only isolated from PPT antibody-positive monkeys.

It was isolated from 15 monkeys on day 1, from 19 on day 10, and from

15 on day 45. Accu,-ulatively, SFV was isolated from 20 of 21 PPT

tint ibody-posi tive minkevs.

1xomestic cats. On I November 1977, 45 cats (Nos. 76-120) arrived at

LAIR, and on 15 November 1977, 7 additional cats arrived (Nos. 121-127).

All cats were inoculated with feline panleukopenia and rabies vaccines

upon arrival. In addition, cats Nos. 121-127 were inoculated with a

combined 'modified-live" feline herpesvirus (FIV)-feline calcivirus

(FCV) vaccine. Oropharvngeal swabs were collected for viral isolation

and su:, for serology. From the 52 cats, 237 oropharyngeal swab

specimens were tested for virus. FIIV was isolated 35 times from 26

cats. FeV is isolated 49 ties from 19 cats. Feline cyncytia-forming

virus (FeS. . changes were seen in cell cultures inoculated with

95 swab specimens from 34 cats. Based on multiple isolations of reSFV

from etrch cat and a positive immunodiffuslon test, 23 cats are infected

with FeSFV. Other cats may also be infected with FeSFV.

:t was difficult to make useful conclusions from the virus neutraliza-

tion titiers. THYV was isolated from several cats without an expected

rise in antibody titer and, conversel, FHV was not isolated from

other cats that had a rise in titer. However, swabs were not col-

lected between 10 and 29 days in many of these cats. FHV infectiona

could have occurred during this period and not have been detected.

The preence of high antibody titers to FCV in the first serum samples

did not preclude persistent shedding of FCV in several cats.
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CONCLUSIONS

Owl Monkey

1. 0i4 monkeys are frequently infected with three serotypes of adeno-
• virus and eight serotypes of cytomgalovlrus.

2. Viral infections may persist for long periods of time (e.g.,

12 months or lonc:).

3. The serotypt, of virus isolated was usually dependent on karyotype
of the m)nkey and its country of origin. This may be daie all or In
part to management practices, isolatlon procedures. or host suscepti-
bility.

Rhesus Monkey

I. Rhesus monkeys are frequently infected wihh many different serotypes

of adenovirus, Herpesvirus simiae, and simian foamy virus.

2. Monkeys frequently have either percipitating antibody titers, neu-
tralizing antibody titers, or both types of antibody to simian foamy
virus.

Cats

1. Cats obtained for comerical sources are frequently infected with
feline herpesvirus (F1IV), feline calicivirus (FCV), and feline syncytial-
forming virus (FeSFV).

2. One commercial vaccine was not effective in eliminating FWV or FCV
from the small number of cats studied.

3. Some catq shed virus persistently despite high titers of antibody.

RgCOE ODATIONS

Although surveillance should continue, this study is being terminated
because of the departure of the principal investigator and reorganiza-

tion of LAIR.

PUBLICATIONS

i. SHROYER, E.L.. and R.M. SHALABY. Isolation of feline synctial-
forming virus f:om oropharyngsal swab samples and buffy cat cells.

Am J Vet Ros 39: 555-560, 1978

2. SHROYER, E.'-... S.I. KELLEY, P.C. TAYLOR, P. VANDERLO(G, and T.L.

LESTER. Three serologic types of adenovirus infections of owl

monkeys. (sulmitted for publication)
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STUDY NO. 5 Physiological and biochemical
characteristics of domesti swine
used ini military research

PROBLEM

kngrel dogs have served as the predominant large animal species for
medical research. Such usage is attributable to tradition and the
ready availability of dogs at ,ocal pounds and animal shelters. In
recent years, ho wver, the use of dogs in medical research has come
under increasing criticism from antivivisectionists in the general
populace and from the scientific professions. Criticisms by antivivi-
sectionists is mostly based on ethical or emotional gr:.unds: the pre-
dominant theme is the unnecessary suffering or mutilazion "f pets in
research projects of dubious merit. Criticism by sc',.at:-.ta falls
into two categories. One criticism concerns uncertain;t ; about the
age, the genetic, nutritional, and environmental background, and the
disease charateristics of -ongrel animals acquired from dealers. the
other criticism concerns the applicability to humans of data acquired
in experiments on dogs because, in many instances, canine response
characteristics are vistlv different from those observed in man.

The domestic pig offers an attractive alternative to the dog as a large
animal model for human-oriented research. Its use has not elicited an
emotional response from antivivisectionists, probably because swine are
commonly slaughtered for meat and are not kept as life-long pets.
Domestic pigs are ,eadilv available in all parts of the country. They
are usually healthy and free of disease. Thcy can be acquired in a
variety of ages, si.*es, and genetic backgrounds. Cost of acquisition
and maintenance is usutlly far less than that of a dog of comparable
size. A more important fact than these considerations exists, i.e.,
available inforaition shows the pig is superior to the dog in terms of
his physiological and biochemical similarities to man. Such informa-
tion, however, is limited. Thus, if the pis? Is to become firmly es-
tablished as a mor, appropriate large animal model than the dog for
gathering experimental data which are applicable to hu'ans, much addi-
tional research is needed to establish baseline data. It is to this
problem that the present study is directed.

Two types of experiments are being conducted. In one, selected normal
physiological or biochemical characteristics will be described. In the
other, normal response characteristics of selected physiological or
biochemical variables will be delineated.

RESULTS AND DISCtSSION OF RESULTS

Arterial and venous measurements in young swine during controlled acid-
base steady state yield the following average valves:

277



Component F.A. P.A. A.V.C. P.V.C. I .. C.S.

Po, (Torr) 97 36 39 35 39 30

so) (Z)9:1 51 58 49 52 42

CO (ml/O0 ml) 15.4 8.5 9.5 8.1 9.3 6.9

pit 7.40 7.34 7.33 7.34 7.33 7 .34

co (Toor) 47 57 58 57 58 57

[11CO-J (meq/1) 27.6 29.6 2q.5 29.8 29.6 29.P

B.F. (meq/l) +2.8 +3.9 +3.6 44.3 +3.7 44.7

F.A, - fenmiral arterv P.A. - pulminary artery: A.V.C. anterior vena
cava: P.VC. - posterior vena eitva: I.J. - interna, Iugular: C.S.
coronarv sinus

At equivalent pi .ind Pait levels the foregoing data indicate that

young pigs hdve a lo ,,r aterial Sa a nd Cao 2 than humans. These ef-

fe.:ts are attributabie to the lower oxvhenvlobn aftirity and hemo-

globin concentration in porci:t as ,ompared to human blood. Porcine

blood has higher values of P and [llCO-] than human blood at an

equivalent pit value . Thus. in acute experimental settings ventila-

tory reulation to establish the I'a at 40 toor. the average human
value, will lead to alkalosis in th.- pIg.

CONCIUS IONS

.'he acId bae and blood ),as haracteristics of porcine blood are suffi-
clently (lose t-. those of hunin blood to serve as a useful model.

RECO.MENDATIONS

Although this ,tudv has opened a tremendious area of potentially in-
valuable research. it is beinR terminated because of a planned reorgani.
zation of LAIR and loss of the principal investipator.

PUBL I CATIONS

None
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ABSTRACT

PROJECT NO. 3M62772A812 Military Animal Resources Develop-
men t

WORK UNIT NO. 003 Improvement of Health and Effec- 1 !

tiveness of Military Dogs

The following investigation has been -onducted under this work unit-

STUDY NO. I The bloenergetics of exercise and physical training

in the German Shepherd

Eight German Shepherd type dogs were phvsIcally conditioned over a 4- 'A

rx)nth period to gradually increasing wr-k loads on a motor-driven
treadmill. The four be.t performers were able to run 34 km (21 mt) I
daily at a rate of i1 .3 km/hr (7 mph) on a 77 gra ic. Over the course
of training these four does had an average body w.ieht loss of 1 .5 kR
(4.8%) and increased their daily food consumption bv 31 .57. Adaptive

changes associated with phvsical conditioning included increased values
for plasma, erythrocyre* and tots: blood volume and decreased values
for he rocrit and etra,-etllular fluid volume.

This work unit is being terminated.
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IcI
t- BODY OF REPORT

WORK UNIT NO. 003 Improvement of Health and Effective-

ness of Military dogs

STUDY NO. 1 The bioenergetics of exercise and
physical training in the German
Shepherd

PROBLEM

The German Shepherd dor, because of his size, intelligence, and adapta-
bilit, to physical and obedience training, has been extensively used for
military patrol and sentry duties. Field reports, however, indicate
that substantial numbers of military working dogs did not perform at
anticipated levels during the Vietnam conflict. The factors responsible
for such performance decrements are unknown, but speculative causes in-
clude an Inadequate caloric intake and poor tolerance to hot humid
environments. The objective of this study is to delineate the physio-
logical, biochemical, and nttritional factors which limit physical
performance of the German Shepherd dog.

RESULTS AND "DISCUSSION OF RESULTS

Over a 2-month period eight German Shepherd type dogs were preconditioned
to a 12-hour day-nig'• lightin-g schedule, ad libitum feeding and exer-
cise familarization (5 minutes daily) on a motor-driven treadmill.
During the last week of the preconditioning period, dally food (Gaines

* Meal) consumption, body weight, hematocrit, plasma (Evans Blue) volume,
€i and extracellular (sucrose spac-e) volume were measured. Circulating "

erythrocyte and total blood volume were calculated.

Subsequent to the preconditioning period, the dogs were subjected at

approximately 2-wreek Intervals to progressively Increasing levels of
physical work. This was achieved on a 5-day per week schedule over a
4-mont. period bv gradually increasing the grade and/or velocicy of the
treadmill. The dogo were allowed 15-minute rest periods after each
30-minute bout of exercise. During the course of this physical con-
ditioning period one dog was withdrawn because of hip dysplasia, while
desired levels of performance in three others were not achieved because
of foot pad soreness or impaired physical work capacity of undefined
nature. The four best dogs ultimately achieved a capacity for running
14 kmi (21 miles) per day at 11.3 km (7 miles) per hour on a 7% grade
over a 3-hour period. During the final week of the physicial condition-
Ing period all of the above indicated measurements were repeated. In
the four best dogs the following data were obtained:
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Body Food
Dog Wt. Intake Hct. P.V. E.V. B.V. E.C.V.

Before Physical Conditioning

01 29.7 92.5 46 42 36 78 255
02 26.0 99.4 49 44 42 86 288
97 35.6 70.9 50 34 34 68 235
98 36.8 59.9 49 38 37 75 243

Mean 32.0 80.67 48.5 38.5 37.2 76.7 255.2

After Physical Conditioning

01 28.0 113.8 42 48 43 91 209
02 25.8 143.3 46 54 46 100 238
97 33.1 95.0 45 52 42 94 261
98 ' .0 72.1 46 50 43 93 193

Mean 30.47 106.10 44.7 51 .0 43.5 94.5 225.2

Body wt - kg: Food intake - kcal/kg/dav" Hct v hematocrit, 7.: P.V.
plasm- volume, ml/kz: E.V. - ervtiirocvte volume, nil/kg B.V. o blood
volume. m I/kg: F.C.V. - extracellular volume, ml/kg

These data show that the average energy cost associated with daiJy
running at 11.3 km/hr on a 7% grade for 34 km is 25.4 kcal/kg body
weight, or 31.57 over the sedentarv value. On the basis of vertical
discance achieved under such conditions, the apparent efficiercy of
food utilization for physical work was 21 .17. Adaptive changes associ-
ated with canine physical conditioning include Increased values for
plasm., ervthrocvte and blood volume, and reduced values for body
weight. hematocrit, and probably extracellular volume.

CONCt.US IONS

He3vy physical work by lerman Shepherd dogs wotld not appear to be
limited by the capacity to consume adequate fo,'a energy to compensate
for increased energy expenditure, thus, the food energy increment ob-
served here, 31.5%, is less than one-half of that reported for
sedentary dogs exposed out of doors to the Arctic winter. Hyperthemia
would seem to be a more likely cause of the impaired canine work per-
formanct observed in hot humid environments. In this regard, limited
measurements in this study showed that heavy work in the German
Shepherd, even at a room temperature of approximately 21 C (700F),
regularly led to rectal temperatures in excess of 41°C (106°17) and
frequently as high an 42.80C (1090 r).
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t BODY OF REPORT

UORK UNIT NO. 003 Improvement of Health and Effective-
ness of Military dogs

STUDY NO. I The bioenergetics of exercise and
physical training in the German
Shepherd

PROBLEM

The German Shepherd dog, because of his size, intelligence, and adapta-
bility to physical and obedience training, has been extensively used for
military patrol and sentry duties. Field reports, however, indicate
that substantial numbers of military working dogs did not perform at
anticipated levels during the Vietnam conflict. The factors responsible
for such performance decrements are unknown, but speculative causes in-
clude an inadequate caloric intake and poor tolerance to hot humid
environments. The objective of this study is to delineate the physio-
logical, biochemical, and nutritional factors which limit physical
performance of the German Shepherd dog.

RESULTS AND DISCUSSION OF RESULTS

Over a 2-month period eight Germaan Shepherd type dogs were preconditioned
to a 12-hour day-night lighting schedule, ad libitum feeding and exer-
case familarization (5 minutes daily) on a motor-driven treadmill.
During the last week of the preconditioning period, daily food (Gaines
Meal) consumption, body weight, hematocrit, plasma (Evans Blue) volume,
and extracellular (sucrose space) volume were measured. CirculatingI erythrocyte and total blood volume were calculated.

Subsequent to the preconditioning period, the dogs were subjected at
approximately 2-week Intervals to progressively increasing levels of
physical work. This was achieved on a 5-day per week schedule over a
4-,month period by gradually increasing the grade and/or velocity of the
treadmill. The dogs were allowed 15-minute rest periods after each
30-minute bout of exercise. During the course of this physical con-
ditioning period one dog was withdrawn because of hip dysplasia, while
desired levels of performance in three others were not achieved because
of foot pad soreness or impaired physical work capacity of undefined
nature. The four best dogs ultimately achieved a capacity for running
34 km (21 miles) per day at 11.3 km (7 miles) per hour on a 7% grade
over a 3-hour period. During the final week of the physicial condition-
ing period all of the above indicated measurements were repeated. In
the four best dogs the following data were obtained:
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RECOMENDATIONS

The interrelationships of temperature and humidity on canine work capa-
city should be systematically investipated so that tolerance character-
istics and animal handling procedures can be accurately delineated.
This work unit, however, will be terminated because of the reorganiza-
tion of LAIR and consequent loss of the principal investigator.

PUBLICATIONS

1. RODKEY. W.G., J.P. HANNON, J. DRAMISE. R.D. WHIT. D.C. WELSH, and
B.N. PERSKY. Arterial capillary blood used to determine the acid
base status of dogs. Am J Vet Res, 39:459-464. 1978

2. TURNIER, J.C., and S. SILVERMAN. Panosteitis: Comparison of radio-
graphic and radioisotopic studies. 1 Am Vet med Ass (in press)
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23. (U) Resuscitation from trauma in combat operations imposes problem not typically
encountered in civilian medical operations. Anon; these are the occurrences of mass casu
slties, and physical limitations of field medical facilities. Short, violent conflicts
will further limit field medical support of combat operations and medical casualties say
be required to continue limited support ot combat operations. There will be greater o
phAsi on mthodsgof treating combat injuries which permit rapid return to duty. Therob-
jectives of this work unit are to assess the effects of military trauma on combat effect-
iveness and to evaluate functional recovery following the use of different resuscitating
procedures.
24. (U) The methods used emphasize the detection and quantification of those functional
changes which could listt adaptation to the environment following trauma. Both behavior-
al and neurophysiological techniques are employed in order to increase the Changes of de-
tecting effects which are of functional significance to the organism. Behavioral testing
is used to evaluate basic sensory and votor processes as well as more complex cognitive
rroresses. The additional data obtained through appropriate analysis of spontareous and
evoked electroencephalographic activity provides further evidence of possible changes in
central nervous system functioning.
25. (U) (7710-7609). Behavioral recovery following as-ive transfusion with a plasm
protein solution vas found to be dose-dependent and elsc a function of the behavioral test
employed. Data are being analyzed follovinr an extensive neurophysiological study of the
central nervous system effects of massive transfusion. A method has been developed for
autor-at-cally regulating delivery of anesthetics according to computer mnitor*e changes
in phYsiological processes.
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ABSTRACT

PROJECT NO. 3E762772A812 Military Research Animal Resources

WRY UNIT NO. 024 Neuroehavinral Investipntions of
Mil itary Trauma

The followinp investigations have been conducted under thin rV unit:

STUDY NO. 1 Behavioral effects of massive transfusion

STUDY NO. 2 Neurophyslolorical effects of massive transfision

STUDY NO. 3 Servonnesthesia

STraY No. 1. The behavior of rats in operant conditioning modular test
chambers in the open-field test was examined followinn exchange trans-
fusion with a plasma protein solution. Subjects were divided into
three groups: control, 502 replacement,and 70% replacement - the group
denoting the amunt of blood replaced. A significant decrerwnt in
operant performance wan recorded on the first three days followinp
transfusion. Behavioral recovery appeared to be nearly corplete by the
fourth post-transfusion day. There was no spnificant correlation
between high performance levels in the operant test and activity in the
open-field. Future research should Include a rmnipulation of several
transfusion dopes to be correlated with varlous response levels of the
subjects.

STUDY NO. 2. Physiological data were collected during several daily
test sessions before and after massive transfusion with a cell-free
plasma Protein solution. The electrocnrdlopram, respiratory rate and
rectal temperature were monitored by using detachable electrodes.
Spontaneous and stimulus-evoked brain electrical activity was recorded
from chronically Implanted epidural electrodes. Rasellne and post-
transfusion data have been collected from several animals. Both tire-
domain and frequency analyses are being used to process these data.
Further statistical analynes will be required to assess the significance
of changes in grain electrical activity observed during this study.

STUDY NO. 3. Spontaneous and stimulus-evoked brain electrical activity
was recorded from animals anesthetized with pentobarbital. Combinations
of electroencephalor.7aphic and physiological indices were evaluated an

Indicators of the anesthetic level of the animal. These indices were
derived through a principle components analyses of the physiological
data. The effectiveness of these indicators in feedback regulatinR

anesthesia will be examined.
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BODT}Y OF REPORT

R'Y1, UNIT NO. 024 Neurobehavtornl Tnvestigations
of Ifilitarv Trauma

STUDY NO. I Behavioral effects of nmsive
transfusion

PROBLE1I

Relatively few clinical stuties have addressed the Physlolo'ical
effects of transfusion on belhavior and performance. Clearly, the
maintenance of life of the exsnnpuinating patient, such as the massively
injured combat soldier, depends upon transfusion. !ur'an albumin is
presently used in clinical situations, ho%.ever, the behavioral effects
of its use during the recovery of the patient have not been evaluated.
The present study was undertaken to deternine the behavioral effects
upon exsangutnated rats transfused With an alltui in concentrate.

MLSI.TS AND DI.CUSSION OF TIlE RES1I.TF

Two test situations were used to neasure behavior: 1) operant con-
ditioning, and 2) the open-field tent. A fired ratio (FP) schedule
provided reinforcerent in direct proportion (1:20) to the numher of
barpress responses emitted by the aninal. The F perforrnce is
characterized by relatively high and stable response rates. The open-
field test was carried out in a 3 X 3 ft feld with a grid floor ruled
into 16 nine-inch squares. All subjects were placed for 3 nn in the
open-field, during which tire their scores on arbulation, rearing,
groominp, freezing, defecation, and urination were recorded. Ambulation
scores were deterrinee by the number of grid lines each rat crossed
during the 3-min interval.

Fach rat was assirned at random to one of the following, groups; control.
507 replacement, and 7n" replaccnent-the group denoting the armount of
blood replaced. Blood replaRenent was a 57 molution of human plaora
protein fraction (rlasnannte ). Results fro the analysis of co-
variance shwed that effects of treatrment pndnced the most significant
effects on the subject's perforrmnce scores on the first three dnvs
following transfusion. From the fourth to the tenth days, the response
differences among, groups decreased and groups began to reassume their
normal baseline levels. There was no significant correlation between
high response rates on the FR task and a hiph level of activity in the
open-field either before or after treatment.

CONCLUS IONS

The effect of the experimental treatment upon the subjects for all
groups was dependent upon their level of transfusion. Data from the
analysis of covariance indicate that the subjects were nearly recovered
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after the third post-treatment day. Contrary to expectations, the
open-field test did not appear to be an effective means of measuring
the effects of transfusion upon the subjects. Data from the correla-
tion analysis on open-field activity and FR performance have important
theoretical mplications regarding the nauttre of exploration and food
acquisition. It may be concluded from these data that the level of
exploratory drive in the rat is not related to its drive in the
acquisition of food.

RECOWMENDATIONS

It would be advisable to determine if a manipulation of several
transfusion doses mtpht he correlated with various response levels of
the subjects. A further consideration would he t6 stucy the effects of
transfusion upon subjects transfused with various other materials.

Studies in which banked blood is used as the transfusion medium would
be useful in obtainin, baseline data from a standard transfusion
medium. The comparison of these data with data obtained from studtes
in which other transfusion mtertals are used woold be useful in the
development and refinement of transfusion nolutions.

Pathological studies may be performed on each experirental subject.
The tissue samples would be used to corroborate with any data of
physioloical and cerebral dampe.

PU.ICATIONS

1. ESANDARIAN. G. E.. J. S. SITRINCIIAK, P. A. O'MARA. Behavioral
effects in rats followinx massive transfusion with plasma protein

solution. (Submitted for puiblication)

STUDY O. 2 Neurophysiolop,ical effects of

massive transfusion

PROBI.FM

Examination of atimtlus-evoked peripheral and central nervous system
electrophysiolo.gical events can provide valuable Information concorntnp
the ability of the nervous system to process and respond to external
events. ChAnges in the spontaneously occurrinp electrical activity of

the brain ay provide additional information otcernin the Ineneral
state of the organism. The objectives of this study are (1) to useelectrophysiological data in asnessinp the effects of varlons resus-
citttin t solutions and procedures on brain functioninp and behavior

and (2) to relate electrophysiologtcal data obtained during resuscica-
tbon to the subsequent functional recovery of the subject. Susecedpost-traumtic functional chanv.es In the sisb~lects ill1 also be confirted
w ith behavioral measurements*
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The identification of physiolop.ical varinbles which reliably predict
overall functional recovery could lead to the development of dinfnostic
procedures for use in rapid screeninp of brain dysfunction in corhAt
casalties where sipnificant blond loss and replacerent hove occurred.

RESULTS AND DI CUS.CION OF RESIT.TS

Baseline and post-trnnsfusion visual, audi tnrv, anr; sorAtoRensory
evoked potential data have been recorded from rats with the use of

chronically implanted electrodes. rpochs of spontaneous electro-
encephalographic (FFO) activity were also recorded from these
electrodes. The electrocardiogram, respiratory rate, and rectal
temperature were also monitored durin, each data collection session.
nata were obtained over a period of severn] days before and after
transfusion with a cell-free alluminn solution.

Data analyses have not been completed. Preliminary analyses sitppested
that changes in evoked potential waveforrin and FEV. and evo'ed potential
power spectra mov occur following transfusion. 'hltivnrinte statistical
analyses will be used to assesn the sirnificnnce of the observed chanes
in the electrophystological signals.

CONCLUS IO!S

None

P.FCOKMMI~!AMNS

The studies which are in propresn must be eypand'il to include studies of
standard crystalloid and colloidai asanritinotis resuscitating soltition.
Uhole blood transfusions -my prove useful as a standard control
condition. The functional significance of chnnres in brain electre-
physiology which mipl.t occur followfnp transfusion remains to be
investigated.

PUBLICATIONS

None

STUDY NO. I Servoanesthesma

PROALM

Several anesthetics produce characteristic chanpes in the spontaneous
electrical activity of the brain, and the changes can be correlated
with the depth of anesthesia. It would appear feasible, therefore, to
use selected features of the electroencephalogram to control auto-
matically the delivery re.te of anesthetic agents and conseiiently
raintain a given depth of anesthesia. listorically, attempts to
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implement servoanesthesna systems have met with limited success due to
the complexities of hiologicnl signal processing and the construction
of the control systems for anesthesia delivery. There were also
unresolved questions concerning the selection of apnropriate features
of the biological sipnmls for use in feedback regulation. Recent
developments in digital signal processinp offer practical solutions to
these difficulties. This study was undertaken in order to re-examine

the servoanesthesia problem by using the more advanced computer-
-assisted method i hich are currently available. Servonnexthesin would

be particularly valuable in forward medical spport of cnmbat operations.

RESULTS ANT) DISCUSSTON OF RESUITS

Spontaneous and stimulus-evoked electroencephnloranhic activity were
reco7ded from animals anesthetized with pentobnrbital. Visual, auditory
and sovatosensory stimull were used. Repeated baseline "easures usinn.

chronic implants were conducted to examine reliability of the measures.
flectroencephalographic data were combined with physiological measures
of heart rate, temperature, and rempiration rate. A principle cm-
ponents analysis was perforied on these corbned data. Several
components which recover with chanpes in anesthetic level of the animal
were identified.

~~CO.NCLU SI ON S
Crmbinations of electroencephaloprapbic and physiolotcal data have

been identified which, for a given situhect, are related to anesthesia

level.

RECOMMM.NDATIONS

The derived indicators should be evaluated for effectiveness in auto-
matic feedback repulation of anesthesia levels. The reliability of
these indicators across subjects must be evaluated. These ethods
should be expanded to include faster-actin, intravenous anesthesic
agents such as thiopental and inhalation anesthetics such as halothane.

UPITICATTONS

lone
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ABSTRACT

PROJECT NO. 3I162772A813 Health Effects of ?Iilitarv Lasers

WORK UNIT .NO. 021 Deternination of Threshold Data from

Coherent and Incoherent Radiation
g .Source.s

The following investiration han been conducted under this w0or unit:

9TU!Y NO. 1 Ocular and skin effects of infrared laser radiation

Rhesus monkey enJ1othelfa! cell size and appearance were evaluated by
corneal specular microscopy before and after single expostires to CO2
laser radiation (10.6 ricronA) fron the perntssible expostires to CO 2
doses 1.5 times those renuired to produce corneal opacities. The

cornea were evaluated at various intervals up to 6 months after
exposure and no sipniflcant changes in endothelial cell size were
observed for these exposure conditions.

After a revitew of available repetitive pulse expostre data for a wide
range of expostre conditions, two methods were derived to calciinte
permissible expositres that provide "rirpins of safety" that are
comparable to and consistent with those provided for continuous wave

conditionA. These methods were based on the observation that the FDT a
.or repetitive ptilse conditins. expressed In teris of the tot 1 ntrA-

ocular ener .v exhihit a dependence on th, train duration of T . This
alysis also indicates that the w-rare pulse repetition freq~ency canIe 21ard for ptlse coded trains in the computation of permissible

exposures.

2
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RODY OF RFPORT

WORK tINIT NO. 021 Ilealth rffects of Militnrv Liners

STUDN A). I Ocular And skin eff-cts of infrared
laser radiation

PROBLF

Many currently used and proposed military laser systems operate in the
infrared region of spectrum beyond 1.6 microns. This region of the

electromagnetic spectrum is cormnly referred to an the "eve safe"
region because the radiant exposure reqluired to produce an observable
chang.e is A0 to 100O times hipher than that required for visible And
near infrared wavelengths. For infrared wavelenrths, the cornea and
outer ocular structures are the primary absorption site and conseu;ently
the site of injury, whereax the retina is Affected by the visible and
near infrared wavelenths. Althou.h per-,ilsile exposure limits have
been defined in TR MED 27Q, there are exposure conditions relevant to
military applications where nn hioeffects data are available. Per-
missible exposure limits have been established bv extrapolation for

these conditions.

Most of the corneal dose-response experiments have evaltrated the aciute
response by usinp the production of an epithelial opacity as the
response criteria. Endothelial effects which rAv implicate chronic
changes in corneal clarity have not been sttdiel.

RES!',TS AMl) DISrUSSION OF RSILTS

The corneal endothelitm of rhesus monkev was evaluated by u.Rinp in vivo
specular microscopy before and after exposure to CO2 laser radiation at
10.6 microns. Since liMited experirental data are availnble descrlbinr
normal endothelial cell nize, the follovinr set of experirents were
performed. A technique was developed for the neasrement of endothelial
cell size (i.e., the nti.ber of endothelial cells per unit area) from the
photographs taken with the corneal specular microscope. The central

endothelium of 17 rhesus monkeys was photo;rraphed and endothelial c~ll
sizes were determined. The mean rrmber of endothelial cells per w-

ranged from 30¢M to 4200 cells/rm . The standard deviation of these
reasurements ranted from J6 0 to 230 cells/rm 2 for meansrerents on a
given eye. The endothelial cell mosaic was uniforn with little plen-

morphism evident within a piven photogrnphi. area (InA by 4n microns).
Fndothelial cell qize determinations were mwde at Intervals of several
weeks over a 5 no period. The effect of the dilating drops (2 drops
phenylephrine hydrochloride an 2 dropm of cyclopentolate hydirochloride)
was evaluated bv photopraphint the endothelit before and after ocular
dilation. No effect on the endothelial cell size or appearance could
be attributed to the dilntinn drops.
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The eyes of i r! -esus monkey% wvo-' then exrcitcd to singir, in0 "sec don a
of CO Inset radiAtion. The pe-A4 irrodiance w f:-ilejt irotii 3.0 V1/cvm
(peTlrinissib~ oxiosITC Kiu thcxl condttionO cc ,c~ The in tensity
distributio- was Gaussian with a 11e. din-.v't..a or 7.4 ;, (full .rrnonl
expotiure). 'Ile Etisn for the pro~sirtion -jT anie,~twti opnditv was
previously dteriined tn he 18.1 P/cry* I.'r t-seua cz~ivins. Thieme
*xpoped Anl.in.m were fallowel fet it 'Wr.Io of 5 t4-1 0,tor t'?C.ire No
significant .,hanves in central cuot. l i~ wp %,bp',ii'fo
this rang~e of exposures. Trypan b*:C- st~ii,ifl of r-;t' P* ,% , t
previouy t.,,en observed hen.?rth tlK U'sinu si' .w o U. !-
expostire to ',he hipher dne used In thiie~' rt. Alx.iq~l the
er.hM011Ia -('pacltv prod'-crki jl, "ne OZ 2i-F ot.a'revented ztirnaa

4szafrmi..'oscopy b~.ei'en ou rnft ~I .A;*ter the i:xptvssure ;rn ,4fe
il p JI~tf stor*a -v.r af. the l~Arslvtv.~ no cWl'!rm In~o,.tI

enticleation, the cornes w'err- ox-.A!e, hod stni-'t witti -.rsqan 'k ."
nlizsrin rei. No statntn'- -of !', en It~'t... with t'-.Ptn Sluie- %,;of
observed. k iotoerapbs of 04t, 1,-9'41~j n ,f ~it vere ! der' and
cndothelini cell size rci!: -veron wore rTSiL. xv. cn- oe wit!; the
In vivo me~surpr4ntm. Tbv coll mite rew~sin 'r,vo r1;itet in
consiatently lairjpr cell ai?e,, ;z -^1 !? ;if rt; Nr c-a ronsn from
tuo different eves anid tho- cell ~cvatriation with nr.- Itq riven~ in[ ~Table 1.Tbl

rll4Otdt;c!A1 Cfell 'SI .e

In Vitro: Collstrvi 2 + Sp'

Stipe r Ior Inin + I'M 4171 + InA

Inferior 3"Sn + if"n 411,1 + 116

Nasal 37 1 'Q 41n+21It

InI

Cenra 04 +IRS 17s7 + 160

Loss of endothelial cells An a reslt of traitna is thought to result in
the etnlarpe'w'nt of npirhhartnp cells which eventtually results in their
inability to continute the naintennnce of the delicate corneal-aqueous
interface. Inrre endothelin]l celln itere obsxervpd In. the cornea of a
rhesus monl:ev 2 Yenrs after the lens Was rerlovnc! And A IRn degree
iridectoty was perfori-e'. The central endotheliAl cells were not-"thnt
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irrepular in shape hut smaller and rore repular in sire than those near
the location of the aurrical incision in the cornea. If endothelial
cells were lost because of the laser radiation insult. enlarped cells
should have been oberrved; hnoteever. for the conditions evaluated,
endotheliAl cell size several rntl after exposure was cornarable to
the pre-exposure Peasntrer-tnt.

Two methods were derived for the calculation of permissible ocular
exposure to repetitive pulse laser radiation. The rationale for these
methods (the correction factor method and the alternate mthod) was
based upon available eyperimental data from several lnhorntories. The
F11,n I(effec:ive done for 0.50 probbility of an ophithialMICopIcallv
vt;ihle retinal lesion) for repetitive pulne extiosures expressed In
terms of the total intraoclar enerpv are proportional to the pulse
train duration to the 3/i, poier. The contintt w.,ve tls. a evhiiit
the same denendence on the exposure duration: however, the repetitive
pulie Ml s were always some factor below the continuous wave rn .
Thin corection factor is dependent on the rd, lse repetition fretnienev
and the dotrntion of each individual pulse in th.' train. It was applied
as a mltiplicativt correction to the continuos wiave maximum per-
rissible exposure to obtain the permissible exnnotre for repetitive
pulse conditions.

A "maripn of x-fretv" cormparAble to thOse i-pnsed for contin.iott; waive
conditions was obtained. The alternate methond applied a milttnicAtive
correction to a sins'le pulne in the trint. This corrrticoto s
dependent only on the nur,1,er f pris-es In th.. ttain. lecause of the
lit-itations of the present stndard, th,4 rmthod ins not as consigtent
in providlnp an adeOntAte "mrirrin of .nferv" na the correction factor
net1iuw: however, the altern,'te rwthr. doer. st.pest that an averape
ptulne repetition frequencv can he usetd for Dtplse coded trains in the
cor'ptitation of perrissible extwnlres.

A 36O decree scanned vinunl display yster wa evaluated with respect
to permissible exposure lirits and recent te.4earch data. lAser scanned

visatel display svstem~s are currently beine developed by the Project
'tanarer'n Office for TrAintny lsevtces (1'1 Trade) at the :Ievel Traininp
I'Utdmip"nt Center with Army and aInvv ftndinr support to enhance the
trainip of military pilots. Thrse systems rent1re aviators to view
and respond continuouslv to a scene generti¢ed by multiple scanned
visible laser beamn.

The wide angle laser scanned display was evaltinted in three wn.
(1) Instantaneously, the illuminated area can he considered as a finite
point which, if continuously observed, will aipear to pulsate at the
frame rate. (2) The display can he considered! an an extended source
which is pulsatinp anvncronously at the frimittg rite. (3) The display
can be considered as a continuoitsqly illuminated extended source with
an average irradiance. Repetitive pulse exposure conditions are
implied by the first two consideratiOnA, while the third irpdies a
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continuous exposure condition. The most strinrent restriction on the
illuminance of the display screen results when the display in con-
sidered as a continuously illuminated extended source. The perissilh]e
IrrAdiance on the screen fo5 a 2-h exposure is 9.2 m/c,2. The average
screen irrndiance (26 uW/cm') of proposed laser scanned displays is
well withir, acceptable lImits based upon current perisshile exposures.
The work of 7.wick et al (Work Unit 025 from this laboretory) suggests
changes In visual function of pritate stbtjects who were repeatedly
exposed to a diffuse screen irrndtated at the approximate levels
proposed for use in laser scanned displays. Currently, the speckle
pattern is beinp evaluated to determine the possible contribution to
the observed effects.

COWCLUS IONS

No effects on endotheliAl rhesus monkey cell size or shnne were observed
for sinrle Iln msec enposures to carbon dioxide laser radiation as
evidenced by in vivn specular microscopy and in vitro staining tech-
niques. The doses ranped fror the pernIssible exposure to 1.5 tires the
ED for the production of an epithelinl opacity. Cornea were evalunted
fn 06 mo after the oxposures.

4ethoda derived to calculate pernissible exposur~e for repetitive pulse
tore accurately reflect the trends exhibited b avsilAhle experiyental
data than do current procedures.

RECOMKENnAT IONS

It was recornended th.t the correction factor rwthnA be. iticorporated
into the current Armv laser protection stnndards. It was further
recormended that the averaj:e nulse repetition Fr3tqv,ncv be used in tbc
calculation of the permisnlle eyrposurt for repttitive pulse conitirns
with a varinhle interprule spacin_.

Further research is reqiiircd ta drternine tht drst, respones relatian-
rhips for wavelenrth fro-, 1,1 to 4.0 mincrons. The reilc (A' the
endothellum in corneAl iniurv and rerair isu t he evalunted for 'liffvrent
infrared wavelenvth. and exposutre cond.itnnq. 'MlTe effects of rn, ti'ive
pulses and repeated e~rcposre for infrared ,,nvn.enths nee tu be
investipgated. The perrmirsible exposure Itrito uist be evaluated with
respect to current bioeftects revearch.

Laser scanned visual displnys currently beirtr developed to enhnnce .ilot
traininr were revieved with respect to current perifnsile e..osiro
and ocular effects research. Althn p.h the proieced 'cveen trradisnees
are well below perrtissible expotsnre limits, recent *rntml research
indicates ocular effects at these dosnv. Theso effects ay, bt parr,
be attributed to the speckle pattern produced by tho laser source.
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ABSTRACT

PROJECT Nn. 3E162772Aa13 Health Effects of Military Lasers

WORK UNIT NO. 022 System Developer Asaitance Studies
in Laser Bioeffects

The followin, investipations have been conducted under this work unit:

STUDY Wi). I Project 4ILF.S

STUDY N. 3 Project A813

STUDY NO. 4 F.lectrophysiolopical evaluntinn -f low level lase'i
radiation

STUDY N. 5 Flectrophysiolorical evaluation of frequency douhled

ST!MY ?Ms. 1, 3. 4, 5. The ocular hazard of a continuous wave GaA1As
semiconductor laser was determined in rhesus monkey eyes. The wave-
length was 880 n. The l) for 30-see exposures was 2in millijoules
total intraocular energy (49F).

Three direct fire simulator training device trannnitters were evaluated
against ocular tissue. The three devices, MAGLAD, ST17T7. and MIT.F.S,
all utilized GaAs lasers. MACLAT and ST'FTRr prnducad no visible
alterations following a sinrle 30-sec exposure. The MI.F.S M-16 El)
transmitter produced subtle visible retinal &Oterations follovinr,
exposures of 15 and 3A sec.

Rhesus smnkey eyes were Irradiated sepArately with 1064 nr laser
irradiation and 532 no irradiation from a neodLv-id laser and stiwul-
taneouslv with both wavelengths. The pulse durations were 1RO nsec at
1064 to and 140 asec at 532 mm. The Eln at 1064 m was 128 Wi. TIE.
The ED0 at 532 r was 2.85 0. When 6 "J of 1064 energy was includedin eachesrposure, the E1)D for 532 no wts reduced to 2.23 .T.

Several experi*nte were performed to determine (a) whether or not
charges previously reported :'n the evoked occipital potentials (OP)
following gallium arsenide radiation could be reproduced, (b) the
cumulative effect of Sallitm arsenide radiation upor the POP, and (c)
the effects of frequency doubled neodymium upon the OP. In addition,
a technique is being developed to obtain a localized, ell spot
argon laser stimulated 7.0P and established a series of normal evoked
potentials as a function of the retinal site stinulated. Data
collected thus far have verified the earlier observation of changes
occurring in the late stages of the 71P. A series of GaAs exposures
n the sm ares in one eye of a rhesus monkey failed to show

cumulative effects, hovever, late changes were observed in the evoket!
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potential. A sn1ple frequency doubled neodyrilm exposure of approxi-

rAtely 1 X 10-" joules for 140 neec was observed. Changes in the EOP
were seen up to approximately 32 sec post exposure. A technique is
being developed to obtain focal FOPs from varintu areas of the retina
while ipsilateral and contralateral potentials are collected.

r
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BODY OF RF.POPT

WXRK UNIT .O. 022 Systen Developer Assistance

STVDY NO. 1 Project lYL S.

PROBLFI

Widespread deployment of "eye-safe" laser training devices has been in
progress for the past two years. The laser of choice for this appli-
cation has been the galliu arsenide (CaAs) diode laser. The proposed
laser training device MTI.S ("ultiple Integrated Laser Engagenent
Situlator) incorporates o GaAs laser operating in a variety of coded
pulse repetition rates. The intended field tine of th;, I!.Fr svster
requires the direct intrahean irradiation of personnel. TrArOCl
purposes to field 80,000 of these devices for traininp of friendly
troops within one-and-a-half years.

The prototype MILES laser was reviewed by the II. Amrv EnvIronental
Hygiene Agency in .Ja 9uarv 1476. The output exceeded a safe level to
the eye of 4.8 X 10- J per pulse obtained by multiplyinp. the sinple
pulse safe '..el by the pulse repetition frequency (PPF) correction
factor listed in TB 'IfFD 279 for 100 lHz. The PRF correction for 10n 112
was sorewhat arbitrarily chosen because data do not exist for non-
uniform interpulse spacing. Thle device could not be classified as
safe for intraheam viewinp. The dilerma presented by the IISAEIA
report was that while safety standards indicatecl that MILE..S laser
emission levels were hazardous, available research results did not
.support this finditp. Further research was renuired to clarify the
effect of pi.r fn thb ocular daange threshold and to determine the
ocular hazar,,, ,, ve (.aAs laser wnvelengt), (85n nr to qn5 nm).

RESI.TS AND DISCUSSION OF RESITI.TS

ell-behaved lasers were use(! to establish the effects of pulse
repetition rate and pulse duration at wavelengths neighhorin, the
erission spectrun of the GaAs laser. One result of this research was
the developrent of consistent relationships between the ocular
damage thrtshold for exposure to continuot.s wave radiation of the saMe
wavelength and for the sare total exposurt duration. This Irplied a
requirement for knowledge of the ocular hazard of a continuous wave
semiconductor laser. Previous research has provided data for crvo-
genically cooled GaAs laser pulsed at 120 kliz. This report provides
ocular damage data for a true continous wave semiconductor laser
device.

The device employed in these experiments van a C&AlAs stripe geomtry CW
laser diode, todel LC-10, fabricated by Laser iode LAboratories. The
wavelength of maximum emission, measured in this laoratory, was 883 nm.
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The laser was driven with a stable 3R5 mA source. A 5.5 m focallength lens collimated the laser emission. The beam divergence was

0.65 milliradian (arad) by 4.8 mrad.

The animls used in these experiments were rhesus monkeys (M!caca
mulatta) weighing between 2 and 5 kg. Preanesthetic medication con-
's isted of a sedative dose of phencyclidine hydrochloride (0.25 mg/kg)
intramuscular and atropine sulfate (0.2 mg) subcutaneously. Anesthesia
was induced with sodium pentobariital (approxirately 5 m./kg) via the
saphenous vein. A pedatric intravenous injection set was placed into
the saphenous vein to administer fluids and to facilitate additional
a'esthetic. The pupils were dilated and sutures of 3-0 silk were
placed in the upper eyelid to facilitate manipulation. While the eyes
were open during the experiment, physiologic saline was used to main-
tain good corneal transparency.

The animals were positioned in the exposure system and the fundus
examined via the Zeiss fundus camera. A horizontal row of 12 supra-
threshold retinal exposures were made with the erbiun laser to produce
location markers. Three rows of GaAlAs laser exposures were located
below the marker row. The doses were varied through one log unit
below the maximum attai-hle. All GaAlAs exposures were of 30-sec
duration, controlled by turning the laser on and off. The exposure
sites were immediately recorded on a polaroid fundus photograph to
insure subsequent identification, and were exanined -via ophthalmoscope
one hour later. The criterion for damage was the presence of a
visible opacity at this examination. The data were statistically
evaluated to determine the EL)50 and aspociated Q5" confidence limits.

All exposures were of 30-sec duration. The 1:1 an, determined from 185
exposures in 6 eyes, was 230 mJ. The lower an upper 95% confidence
limits were 202 ml and 262 .J respectively. This result is sorlevhat
biased because the laser was unable to deliver a dose which produced
damage 100 of the tie. However, the deviation from a true ED O
should be small.

The 120 kllz GaAs and cw GaAlAs data are not for mininal Lage diameter.
Extrapolation is possible from these data to the estimaLed threshold
for worst case conditions. Data collected for a variety of pulse
durations, wavelengths, and retinal irradiance diameters show that,
on the average,

Equation 1. Log E a k -log D
where E is the retinal radiant exposure rIO and 1) is the retinal
irradiance diameter. From this equation ciin be derived the
relationship:~TIE A l

Equation 2. 
TIE- 1
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where TIP is the total intraocular energy and A is irradiated area.
The 120 kllz laser had a bear divergence of 11 mrad by 0.2 nrad. It is
highly unlikely that the eye would be able to produce the approximately
3 micron (um) spot predicted from n.2 mrad divergence: a dimension of
at least 20 um is probable. The continuous wave (cw) diode produced a
beam divergence of 4.8 by 0.6 mrad. The eye would apain produce at
least a 20 tim spot from the 0.6 mrad divergence. The 120 kliz diode
trradiated a retinal spot of 165 X 20 lim and the c%? diode irradiated a
retinal spot of 72 X 20 lrn. From Equtiton 2 the 120) LYN GaAs data must

be reduced bf a factor of 3.24 and the cv GaAlAs data reduced by a
factor of 2.14 to present the worst case conditions (20 urm diAmeter
spot).

Viewing multiple pulses is more hazardous than vieI'np a sinple pulse
because of additivity of pulse effects. At question it the degree of
additivity. Ocular damage thresholds were deterrined for e:upostire to
pulse trains fror a repetitively pulsed neody rium laser. These
measurements were designed to determine the addttvity of the effec-
tiveness of pulses as a function of pulse nuher and pulse separation.
The consistent relationship between pulse train data and cw data led
to the folloting formulation for computing the maximum permissihle
exposure to pulse trains.

Equation 3. 4FRP (T) + CF KPE(T)

PE P(T) is the manxirunw permissible exposure expressed as total intra-
ocular energy for the pulse train of duration T, MWE(T) is the maxiru
permissible exposure for cv irradiation of duration T and CF in a

correction factor which is independent upon the plile repetition fre-
quency and the duration t of an individual pulse in the pulse train.

Equation A. for t greater than 2 usc CF - 3.5 lRFt

for t less than 2 isec CF - 1.6 X 0- ".Ft "

This method has the advantage of applyinp the same mr.in of %ofety for
pulse train expoaures as is applied to cv exposur,s.

CF was derivd by takinr the ratio:
Equation 5. Ca I- R (T)/FM (T)

50 5

ED R(T) and ED (T) are the damage threrhold doses for pulse trains of
toi2l duration 59 and cv exposures of total duration T rpsrctively.

Applying CF to the estimated worst case for c€ exposures yields a
worst case for pulse train exposures.

Another result obtained from the evaluation of pulse repetition data is:

RP ~3/
Equation 6. MPF.P(7) M n M tf'E(t)
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where n is the nambher of pulses in the pulse train, and MPF(t) is the
maximum permissible exposure for a single pulse. Q is a constant for
any given pulse duration and wavelength, but its nuerical value is not
readily predictable. This relationship says that iwr .i n essentially
independent of PPF, but depends only on the nimher of pulses. There-~fore, the results of the foregoing section are valid when applied to

the average Pr1 of a non-uniformly spaced train of pulses.

In addition to the above, experimntal evalsation of three laser train-
ing devices was performed. These were the MIAC1A, SIMrAT, and MT.S
M.-16 transmitters.

The MAMLAD laser Is a direct fire si'ulatnr designed for use with a
detector instrumented pop-up target. The transmitter utilizes a pulsed
(aAs laser (9,15 nti). A prototype transoitter was provided to the

, Division of Non-lontzing Radiation, lIRl~ by International Laser
Systems, Orlando, Florida for evaluation of the effects of themitted
optical radiation on prirate retina.

The device has two internally controlled modes of operation. In the
single shot mode the laser will enit a group of 16 pulses (sitrilation
of one round) each tire the tri.per as.Itch is closed. In the autonatic
mode, the laser will emit groups of 16 pulses at a group repetition
rate of 12.5 Hz until a full clip (20 rounds or 3n rounds, selectable)
is simulated or until thT trigger is released. For the purpose of the
weasurement revorted here, the device was externally triggered at a
group repetition frequency of 10 It so that 30-sec exposures could be
provided.
Thbem characteristics were evaluated prior to erposure of rheaus
monkey @yea. These data are swarired in Table 1.

Table 1

Sury of HAMLAD Fmission Characteristics

Pay - 7.6 X In W

t * 140 ns Pii3t

PRY * 1558 pps (within one shot)

PRY (AV) - 200 pps (16 pulses/roimd, 12.5 rounds/sac)

0 - 3.0 X In-8 J/pulse
Ppeak 0 O.271 W

Beam diamete" a 3 cm

Roem divergence - 1 mrad circular
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Rhaus mnkey eyss were exposed to the MACLAD laser beau. Masrker burns
were placed with the erbium laser to facilitate location of the
subsequent exposures.

The t-Atal intraocular energy from the MACLAD was limtted by tVn4 ac~±Arla
ocular pupil diameter (7 m). No retinal alterations wer* not~d a. a
result of 30-sec duration ocular exposure to the MACLAD laser.

The SIMIA? device employs a pulsed GaAs laser (905 am) with emission
characteristics that are typical of the entire STJU!RE family. The
device hIs twr pulse repetition frequency (PRY) modes of operation. 'An
the Interrogation mode, the laser emits pulses of a frequ~ncy of
240 ppe. In the kill mode the laser MR oscillates between 280 pps and
359 pps. The duration of each mode Is controlled by Internal logic
circuits which access the target via radio link.

The mission characteristics were measured. The results are tabulated
In Table 2.

Table 2

Eission Characterf etics

Interrogate 108 aI 235 Ra 160Ono460mW 2.87 WIKill 139 mV 285/361(325 Rx, avs) 16^1 -s 428 a) 2.67 V
The beam divergence measured at the l/e point is 1.01 wad X 2.9 wad.
Q and Ppeak for the kill mode &rot averaged over the two frequency ranges.

Pay a average power; PRY - pulse repetitItIon frequency; t(VH1I - pulse
duration measured at the full width half maximum poin~ts; Q - pulse
energy; and Ppeak a peak pulse power. Rhesus monkey eyes were exposed
to the SIlICA? laser beau.

All expoaLzes were 30-sec duration. In the first sequence, the dose
was 4.3 X 1084 pulse. The total intraocular energy for an exposure was
420 NJ. Twety-six exposure& wae~ placed In two eyes. In the second
sequence, the dose was 1.7 X 10-'J/pulse. The total intraocular energy
was 1680 YJ. Thirty-sx exposures were placed in two eyes. There wes
no direct evidence of retinal alteration either by funduscopy or by
direct ophthalmology one hour after exposures were completed.

A MILES M-16 engineering development transmitter was evaluatad. This
deviceemitsa coded train of "5 = pulses froma GaAs aser. Twov
levels of pulses are suite.d: a kill pulse of 2.0X l0-PJ/pulso ad a
near miss pulse of 8.3 X 10-8 J/pulse. The average MR Is 1636 Na.
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Rhesus monkey eyes were subjected to irradiation from this device for
exposure durations of 15-sec and 30-sec. The 15-sec exposure done was
1.92 %J cotal intraocular energy. Retinal alteration (clouding) was
observed at 4 of 8 exposure sites.

The 30-sec exposure dose was 3.85 WJ total intraocular energy. Retinal
clouding was observed at 6 of 8 exposure sites.

c(,:;CLUSIONS

The prototype KIL.S GaAs laser device is capable of producing retinal
alterations. These alteratione are not like the le&ions typically seen
as a result of laser exposure. Their neture and significance is not

7et understood.

The procedures of TP W.D 279 for calculation of the maximum permissible
exposure to laser pulse trains does not accurately model existing
damage threshold data. Recommendations for andificatton of these
procedures will be formally submitted.

RECOMMENDATIONS

Further studies are needed with the pulsed GaAs diode to determine the
nature and significance of the retinal alteration observed. The ocular
damage threshold should be deternined for the cv CaAs laser. More data
are required on the ecular hazard of pulse trains at a variety of pulse
durations, pulse repetition rates and wavelength. Especially essential
are data for pulse durations of I to 10 usec. Pulse durations in this
time domain appear to be more hazardous than either longer or shorter
pulse durations.

PUBLICATIONS

None

STUDY NO. 3 Project A813

PROBLEM

The Electronics Comand (DARCON) Ft. lonvouth, NJ., is actively
pursuing the application of a laser device which produces sisultames
col.near beams of 106 n radiation (d) and 532 m radiation (frequency
doubled Nd). The application requires the laser output to consist of
Q-switch pulses emitted either singly or at moderate pulse repetition
frequencies (less than 100 H:).

The employment of such a laser device poses the possibility of sub-
jecting personnel to laser irradiation for which the ocular hazard is
not yet known. While the ocular hazard of Q-swltch pulses (Eso based
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. onhthalMoscoplCally visible daMPe end point) has been evaluated at
106 ni and 532 nm no research has been perforned on the effect of
simultaneous irradiation by both wnvnlenP.thx. Ftrther, the Arry safety
standards, documented in Ar 40O-4 6 and TB .q'P 774, provide no puidance
for t- evosl.uatinn of the hazard of (al vpvrlrnh xpc.-;ure.

Differences exist in the Interaction of those w velenpths with ocular
tissue. The focal distances do not coincitle; the infrared focus in
posterior to the visible focus. The 1l64 nn radiAtion is rmore stronply
attenuated in the media anterior to the retina, biit less stronplv
absorbed by the primarv absorption site, the melanin gr.intiles of the
pigment epithelitm. The result in a partial a::iA senaration of the
damge loci for the tuo wavelenrths. The mechanism for p:oduction of
ophthal.oscnpicallv visible retinal datar.e by 0'-switch pulses is assir.ed
, be therromechnnical in nature. It in difficult to predict the effect

o' two axially displaced sirultnneous epicenters on the total enerpy
required to produce damare.

Less completelv understood in the relative interaction with the retinal
layers anterior to the pirnent epitheliur. Alterations in these layers
are manifested through frmctional chanes in visual evoked response
(VFR), electroretinopran (FRG), and visual acitv. It is in these
interactions which may be photochernical rather than theral in "attre,
that w;avrlenprh differences and the aynergistl effects of rtultiwave-
lenptht irradiation vav be nost readily deronntrated. Little effort
has been expended on the functional effects of slnrle wavelength 01-
switch exposures. )1ulttvavelenrth exposures have not been considered.

DARCMI has rentiested that MIIR conduct an experirental progran to
elucidate the ocular hazard of the t,,o wnvelenrth laser operatinr at
10A nm and 532 nr.

RESILTS ANU) DI ( tISeO OF RFMI'I.TS
Ocular tissue was subjected to sivultaneous irradiaton at WI164tin anfW
532 ne. A continuously excited acoustooptic O-Awitched neodyr-iu-YAG

laser operating in the MY 0o rde was used. An intrncavity frequency
doubler provided simultaneous colineAr erission at 1064 nt and 532 nn
with a ratio of 9n!. infrared and In% green.

A harmonic beamplitter separ.ted the lase.r output into two be ms of
different vavelengths sn that each could be rmanIpulated and attenuated
Independently, Rlocktnp filters guaranteed the purity of each beam.
The beam were recovbined at a second harmonl beanm splitter.

Photodiodes with annroprlate blockinp filters detected the laser pulIses
at each wavelength for display on an oscilloscope for dosimetry. rAli-
bration was accoeplished by reference to a radlometer at the eve
exposurt5 position. A gonioueter mtnt provided rotation of the animal
about the pupil of the eyve to he exposed, which axssred prectse
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positioning of the exposures on the retina. An accurately repositionable
mirror, which directed the benin into the eye, was moved to permit fundus
camera observation of the retinal exposure sites.

The anitals used in these experiments were rhesus rnkeys (?'acaca
mulatta) weight between 2 and 5 kg. Anesthesia was induced with odliuo
pentobarbital. The pupils were dilated and sutures of 3-0} silk were
plated in the upper eyelid to facilitate manipulation. While the eyes
were open during the experiment, physiologic saline was used to main-
tain good corneal transparency.

'ie animals were positioned in the expesure systevr and the fundus
'. aw-ned vi the Zeiss fundus camera. Any abnormalities were noted.
*hirty-six to 48 exposures were placed in a square array utilizing
#-,rathreshold markere burns to locate accurately the rows and coluns
ir subsequent examination.

Detailed ophthalmoscopic examination of the exposure sites was conducted
at one hour postexposure. The criterion for damage was the presence of
a lesion visible via this examination.

The data were evaluated by probit analysis to provide an .DSO and
confidence limits. The ED50 is defined as the dose which wi 11 create
a lesion in 50% of the exposures.

Threshold studies were performed for each of three exposure conditions.
The first experiment was exposure to 1064 nm irradiation only. The
second experiment was exposure to 532 nm irrddiation only. The third
experiment was simultaneous exposure to 1064 nm irradiation and 532 n
irradiation. In this experiment each exposure included 1064 nm
irradiation at 502 of the dose previously determined to be the ED5 0 for
1064 na irradiation. In addition, each exposure Included 532 nm
irradiation. The 532 nm dose was varied about the level required to
produce a lesion with the combine, energies.

All experiments utilized a beam divergence to irradiate a minimal
retinal area. The results are shown In Table 1.

Table I

Results of 1treshold Studies

Wavelength Pulse Duration FDSO

1064 no 180 sec 128 uJ
532 nm* 140 nsec 2.85-J
532 m* 140 nsec 2.23 UJ

* includes 60 microjoule at 1064 n in each exposure

307



Let EDso (532) - threshold dose at 532 n- alone

ED5 0 (1064) - threshold dose at 1064 nm alone

Dose (532), dose (1064) u doses at respective wavelengths which,
when applied simultaneously, produce a threshold lesion

Let - 5322 + !FiLO-6R
ED50 (532) ED50 (1064)

Three cases are possible:

R a I Unit additivity

This condition would exist if both wavelengths Interact with ocular
tissue at the same physical site and via the snm Pmchanism, as for
example, the thermal conversion of absorbed energy in the melanin
granules of the pigment epithelium.

R < I Super additivity

This condition inplies a sensitization of tissue to one wAvelength as
a consequence of the presence of the other. This would result for
example. if absorption of 532 nn radiation in mlanin produced an
excited state which etrongly absorbed 1064 no radiation.

R > 1 Sub-additivity

This condition implies non-cooperative inLeractilon of the two wave-
lengths with ocular tissue. This would occur, for instance, if the
retinal absorption sites were not totally overlappinp or if the damaged
mechanisms were dissimilar and non-interactive.

CONCLUS IONS

Compute R for the data of this experirent.

' -2.23 60+  "27 - .25
2.95 12

R . I therefore sub-additive

Thi3 result is consistent with the hy.othesis that the retinal
absorption sites at 532 nm and 1064 nm are different.

RECOM"MENDATI ONS

This experiment should be continued with different mixtures of 532 nm
and 1064 o radiation, and with other wavelengths. HIlstopdthic
examination of damage sites are required to support the conclusions so
far indicated.
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3. STUCK, B. E., D. J. LW41 ard R. S. 5?ATUICE. Repetitive Pulse
Laser Data and Permissible Exposure LImits. Report No. 58.
San Francisco, California; Lrtterman Army Institute of Research
April 1978

PRESENTATIONS

1. BEATRICE, E. S., D. J. LUND, J. D. CNW, P. VAI4PNER end ), W.
SLINMY. (Project MILES). Blomdical research and coordination
in safe field exercises. Presented at 1976 Army Science
Conference (gest Point, New York, 20-22 June 1979)

2. LUND, D. J., B. Z. STV K and Z. S. DATRCE. Ocular effects of
repetitive pulse exposures limits. 19MB Gordon Research Conference
on Lasers in Medicine and 31±-ogy (Meridan, New " Mre, 26-30
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3. STUCK, B. E. and D. J. LUND. Extrapolation of pulsed light data
in scanned displays. Presrnted at Society of Photo Instrumento-
tion Engineers 22nd Annual Technical Syiiposium. (84m Dlego,
California, 28-31 August 1978)

STUDY NO. 4 Electrophyalological evaluations of
retinal fimetion.

PROBLEM

The retinal appearance following laser irradiation has bee well-
documented. What has remained difficult to aecertain, however, Is the
effect upon vision following low .evel (below the threshold for so
ophthaloscopically visible lesion) laser exposures at wavelengths
currently being used In the field. CWllium a~se*tde (CaLa) lasers
which operate at 850 m= have previously en zonsidered "eye-efe"
system. However, recent findings of this laboratry have indicated
a subtle change in the appearance of the retina follwin8 exposure to
this laser.

The purpose of study tis to evaluate further th observed chaaps in
the electrophysiological characteristics of the visual system following
exposure to a prototype CaAs diode which my be Incorporated into the
Project MILES system.
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RFSULTS AND DISCUsSInN OF R. SMTS

The integrity of the visual oyster can be inferred in four ways.
npthalmoscoplc techniques in which changes are seen but their sirnifi-
cance is not directly apparent. iAehAvioral techniques in which the
animal is renuired to perform certain viaon-related tasks generally
will not allow a quick response to the question of whether or not the
animal can "see." The training is long and costly. Flectroretinoagrahy
(ERG) in which the Inteprity of the retina as a whole in evaluated is
a good quick technique. However, the plethora of retinal eleents
unaffected by the laser exposure tends to mask the effects of a small
sized retinal change. The evoked occipital potential (EOP), which has
not been widely used to determine retinal dvsfunction, may yield clues
as to changes in the visual system follm,in" retinal exposures.

In the present study, one aniral pre-anesthenized with Ketanmine and
maintained under pancuronium-Rr, was presented vIrth a large Image of a
grating. The grating was inserted into the optics of a Ziess Fundus
camera and projected onto the retina of the dilated eye. In the first
run, FOPs were recorded from each occipital lobe when alternately, the

4, left, right, left and Sipht eyes were stimlated. An exposure to the
right eye of 7.4 X 1W' J of total intrAocular energy (TIE) for a 16 m*cc
argon laser pulse (514.5 nr) tas made and several thousand evohed
potentials were then obtained. The averapged (?:-64) potentials shot'ed
no imaediate change from its pre-exposxtre anplitudes or latencies.
Changes in the shape of the FOP were observed 15 to 20 mnn after
exposure in the contralateral cortex. ,'lone were seen Ipsilaterally,
nor were any retinal chanres observed during this period. The chanpes
persisted until the end of the run (2 h).

Examination of the right eye one week later showed a smll (500 )
irregular lesion superior and nasal to the fovea in the mncula.
Following the same forrat as above, the left eye was then exposed to
GaAs radiation for 60 see. Aver ge intraocular power vas 260 PN with
pulse repetition rate of 1600 lz. As before, waveforn clnges were
seen after approximately 20 min after exposure, hovever, this tire
they occurred bilaterally. Fxanination shmed no visible retinal
changes. A follow-up evaluation tun ke:s later showed that the FPp
had returned to norea.

In order to determine whether the observed chanes were due in fact to
laser Irradiation or to retinal or central nervous syste" chanres
occurring over time, 4 second aninal was placed into the syaten and
sha-exposed. No changes in the E£P were seen over a 2-h period.

A second experiment in this series was designed to determine the effects
of multiple pulses delivered for varying periods of tire. A naive
animal vas tranquilized and its pupils dilated. ranctoronitm-Wr was
administered and pre-exposure gratin. FOPls were obtained. The riiht oye
was then irradiated with the name diode as in the previous experiment.
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Exposure durations of 10, 30. 60, 12O and 300 sec were used with 15 min
between exposures. The results shoved definite bilateral changes in
the EOP almost Immediately folloting the 30 sec exposure. No retinal
changes were observed.

The meaning and Implications of the observed changes in terms of the
visual system are difficult to determine at this time. The appearance
of vaveform alterations in the contralaternl cortex, together with
bilateral changes during the second run, indicates that we have a
possible extremely zensitive tool to investipnte susnected retinal
dysfunction due to laser irradiation.

CONCLUS IONS

An apparently sensitive,relatively easy technique can be used to
determine changes in a small retinal area induced by laser radiation.

RECOM MATIONS

After thresholds have been obtained for soe visible, and near IR EOP
changes, we will be able to evaluate quickly functional disturbances
of the visual systen. Correlative stufdiea, utilizing anial behavior,
R.C, and FOP should be conducted so that a more direct relationship
can be established between EOP unveforn changes and actual vision
changes.

PUBLICATTONS

None

STIDY N1. 5 ElectrophyAiolorical evaluations of
rt inal functions

PROI.F4

In support of 'roject A813, data on the biolo.ical effects of neodymium
(1160 nm), frequencv doubled neodymium (530 nn). and combinations of
these laser outputs are required to determine what protective devices
will he necessary for air crew and ground creit operations. 1ne
characteristics of each laser vAvelenrtth and their differential
biolo ical effects upon retinal tissue are knowm. The combination of
the two wavelengths las not been studied un to this tire.

ItSULTS AN DISCUSION OF RMS".TS

Data Iave been collected from the first frequency douhled nodynium
laser-exposed animal. An oscillating grating within the optical path
of a Zisas fundus camera was used to elicit evoked occipital potentials
(EOPt) from a rhesus monkey. The anilAl was rendered Irmbile with
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pancuronium-Br, the pupil of the left eye was dilated and the upper
lid was retracted. A series of FA)Ps was obtained at a rate of one per
sec and placed on analogue tape before and after exposure of the
animal's retina to a single pulse 530 nm frequency douhld neodymium
laser radiati2n. The pulse had a duration of 1.40 X 10f seconds at
1 X 10-6 J/ca4. Groups of 8 occipital potentials Immediately before
and after exposure were signal averaged. A decrease in the amplitude
and distortion of the shape of the vaveform reslted and continued for
approximately 32 sec. The waveform regained Its former amplitude and
shape within 40 sec.

Thest initial results are consistent with results of other Investigators
of flashblindness phenomena who utilize a flash stimulus to produce
electroretinoprams. In the present study, the use of evoked cortical
potentials to trace the decay and recovery of visual function is unique.
The major problem of this technique is the usually low amplitude of the
evoked response which necessitates signal averaging procedures. The
procedure of signal averaging limits the perception of quick recovery
phenomena. This has been obviated in the present study by the use of
only 8 responses, averaged, to yield relatively stable and consistent
ROPs.

A technique has recently been devised in which the evoked occipital
potential can be obtained from stimulation of the retina with low
level argon (514.5 on) laser radiation. The spot size on the retina
is approximately 50 to 75 um. By signal averaging the ZOPs, a series
of evoked potentials both lpsilateral and contralateral %ave been
obtained for various small retinal areas. When perfea t:', this
technique could become valuable as a tool in assessing ;he viability
of various retinal areas following laser exposures.

CONCLSIONS

Evoked occipital potentials can be used to determine the short-term
effects of frequency doubled neodymium upon visual function measured
electrophysiologically.

RECOSOINMTIONS

Of primary importance is the evaluation of single pulses, multiple
successive pulses, and combinations of pulses at 1060 and 530 sm. In
addition, other wavelengths must be examined both alone sad in cwia-
tion to determine the additivity or no-additivity of laser retinal
exposures.

PUBLICATIONS

1. ANDOLPH, D. I., D. J. LUND and R. BEATRICE. Chases Is the
evoked cortical potential following low level laser Irradiatios.
(Abstract) tn: Proceedings of the Associatis for RMsearch In
Vision aod Ophthalsology (Sarasota, Florida, .y 1978)
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23. (U) The objectives are to determine the effects on vision of repetitive low level la-
ser radiation at and below "safe" exposure levels end to provide these cats to USAE]HA,
the DARCO developer and the Army user for their guidance in the safe use of lasers.
24. (U) Behavioral and neurophysiological techniques, adapted for rhesus, are ued for
visual testing. Temporary and/or permanent effects correlated -'th morphological changes
most realistical~y represent the actual hazards of laser radiation. These measures pro-
vide the data base for safety standards .revision.
25. (U)(7710 7809). Behavioral and neurophysiological techniques have been used to demon-
strate that 1) no physiological effects can be demonstrated in the trained rhesus monkey
after several thousand 10 second 0 laser exposures to the skin and cornea of the rhe-
sus monkey for Irradiances of up to 2 200 mw/cm . 2) repeated exposures of rhesus monkeys
to low level argon, radiation has shown visual acuity and spectral sensitivity to be im-
paired at levels more than 100 times below the "safe" levels for viewing a diffuse, ex-
tended source 3) Changes in the amplitude and latency of components of the evoked occi-
pital potential have been observed following a low level gallium arsenide laser diode
exposure to the rhesus retina; 4) Further measures utillting exzracellular recording tech-
niques indicate changes in the receptive fields and spectral sensitivity at levels below
those of gross burn criteria; 5) Direct comparison of coherent and incoherent sources In-
dicate that coherent light is more effective in altering visual mechanisms than incoher-
ent light.
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ABSTRACT

PROJECT NO. 3E162772A813 Health Effects of Military Lasers

WORK UNIT NO. 025 Biological Investigations in
Prediction and Protection against
Coherent Radiation

The following investigation has been conducted under this work unit:

STUDY NO. 1 Effects of laser irradiation on visual function

Low level laser exposure in non-human primates (rhesus) produced
changes in visual function 1000 times below extended source permissible
exposure criteria. These behavioral effects have been followed over
30 months with evidence of slow decline in remaininp central vision.
Two rhesus monkeys have so far been used in this study. Parallel
electrophysiolopical investigations in other rhesus monkeys showed
similar results at higher retinal Irradiance levels but still below
minimal permissible exposure criteria. In vertebrate subjects,
electrophysiological experiments were done which indicate that
coherency and associated physical phenomena are involved in producing
low level laser light effects. 4ore refined behavioral and neuro-
physiological assessment techniques have been developed this year to
resolve the nature of the damage mechanisms involved. Collaboration
on relevance of these findings to laser safety, as well as some work in
developing more suitable visual assessment criteria for humans is in
progress.
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WORK UNIT NO. 025 Biological Investigations in
Prediction and Protection Against
Coherent Radiation

STUDY NO. 1 Effects of Laser Irradiation on
Visual Function

PROBLEN

Changes in non-human primate vision produced by levels of laser irradi-
ation at or below present permissible exposure limits must be evaluated.
Present standards are based prinarily on "gross" morphological criteria.

* Criteria that Involve loss in process of "seeing" have not been ex-
tensively utilized. Animal research perfored in this work unit will
provide such Information which in tttrn will be utilized to reevaluate
present laser safety standards.

RESULTS AND DISCUSSION OF RESULTS

Low Level. Long-term Follow-tip ?feasurenents

Long-term follow-up measurements for more than two years post-
exposure to coherent low level irradiation (514 nm) showed progressive
change in spectral sensitivity long after irradiation ceased. Two
rhesus monkeys were exposed to 2.1 log trrlands for 2 h sessions or a
total cumulative dose of 38 It. Retinal f.rradistion was 0.2 uWl/cul .

Post-exposure chares durinp the first 6 ro reveAled loss in sen3itivity
at the finest Landolt acuity criterion in the intermediate spectral
region. Rod intrusion was evident at lower but still photopic acuity
criteria. Extended measurements made out to 2 yr post-exposure showed
considerable change in spectral sensitivity occuring long after
cessation of exposure. Periods of "waxing" and "waning" in sensitivity,
progressive decline in sensitivity beginninp at the finest acuity
criteria, and continued evidence of rod intrusion as cone sensitivity
declined were observed on both animAls.

Electroretinographic (F.RG) spectrsl sensitivity veasurerients made
for single 2 h exposures at slightly higher levels of 514 nm coherent
light showed comparable effects. Loss in photopic sensitivity and rod
intrusion were obtained more than one year post-exposure. Corresponding
electrophystological studies in vertebrates in which coherent and
incoherent exposure were equated sug.est that the coherency of the laser
source is a critical factor in producing these low level light effects.

Coherency Effects (Pseudemys)

In pseudemys, the effects of prolonged monochromatic coherent and
incoherent light were compared on the adaptation of the long wave-
length receptor system of pseudemys. Measurements of ERG spectrol
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sensitivity were made by using a lock-in amplifier. Coherent and
incoherent backgrounds of 620 nm were equated in quantal flux and
spatial extent. Bandwidths for coherent lirht were less than 0.05 nm
compared to 10 nm bandwidths of incoherent light. Coherent light was
more efhectivein reducing spectral sensitivity than incoherent light
from 10 to 10 quanta/sec. Permanent jifect; 9y coherent light on
spectral sensitivity were obtained at 10 to 10 quanta/sec for
exposures of an hour or more. Such effects were manifested under
conditions of chromatic adaptation by a gradual reduction in the
short wavelength sensitivity and a shift in the peak of the chroma-
tically adapted sensitivity function frov 4 to 560 nm. Similar
exposure to incoherent backgrounds up to 10 quanta/sec produced a
peak in the short vavelenpths that was not altered with prolonged
exposure. Alteration of spatial coherency attenuated the coherent
effect which suggest that retinal processes may be specially sensitive

to coherent light Iiput.

j Receptor Field Low Level Exposure Effects

We have investigated the effects of low-level exposures to long
wavelength coherent light (633 nm) on single optic tectal cells in
pseudemys. Sinificant changes in receptive field size and spectral
sensitivities were obtained following both brief and prolonged
exposures. Transient expansion and pertanent constriction of receptive
field size, changes in response pattern and responsiveness, and
reduction in spectral sensitivity in the long and short wavelengths
were characteristic over an extended range of retinnl irradiances.
Delayed losses in sensitiviLy and receptive field size wre frequently
obtained but were more characteristic at low exposure levels for
exposure durations of an hour or more. When 613 nin coherent light was
time-averaged to reduce the coherent speckle pattern, the effects
obtained were greatly attenuated. These data are consistent with our
ERG experipments in which coherent and incoherent light were found to
have dissimilar effects on spectral sensitivity.

!ow Level 20 nsec Transient Effects in Rhesus

These experiments involve measurement of threshold Landolt ring
contrast for various gap sizes (spatial frequency). Immediately
transient changes in contrast threshold for fine gaps have been
obtained at energy levels less than 50 picojoules. These preliminary

effects will be further evaluated for coarse gap sizes so that effects
can be assessed for both very fine and coarser spatial frequencies.
The behavioral technique being used allows for assessment of both
stationary and moving Landolt ring targets. Investigation of transient
effects for moving as well as stationary targets are planned.

C01CUS IONS

Evidence for the possibilities of low level permanent effects on vision
has been obtained. Permanency of these effects is evident across
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various teats and animal species. Data strongly suggest that coherency
or physical phenomena associated with coherency are responsible for the
sensitivity of retinal processes to laser light.

The results of these experiments need to be carefully considered in
defining ocular risks associated with possible prolonged exposure to
various low level military laser system. Supplementary experiments
will further clarify the impact of these data on present or future
laser systems.

RECOMMENDATIONS

Follow-up of low level animals should continue until evidence of visual
stabilization is obtained. Further funduscopic evaluation of such
animals will be made at this tive.

Two animals will be exposed irmultaneously to comparable levels of
coherent and incoherent irradiation and sacrificed at various tines
post-exposure to obtain moLophological correlates. Detailed analysis
of coherency and speckle pattern at retinal surface will be made with
Fourier techniques to determine those physical characteristics of
laser light which cause disorientation of visual processes.

Other behavioral and electrophysiological techniques will be used to
assess peripheral as well as central visuai fusiction (dynamic visual
acuity criteria) and new animals will be exposed.

Visual test concepts will be integrated into visual surveillance test
battery to aid in annual evaluation of visual function of laser
personnel.

Data obtained in these experiments should be used in establishing
permissible exposure criteria for prolonged low level viewing
situations.

New concepts in optical protection for low level laser hazards mist he
explored. A laser dosimeter (bade), which would indicate amount of
cumulative daily exposure to various levels and wavelengths is highly
recommended for wear by those who are in the area.

PUBLICATIONS

1. ZWICK, H. and D. JENKINS. Effects of coherent light on retinal
receptor processes of pseudgmys. (Abstract) Invest Ophthal
(Suppl) April 1978 p 155.

2. ZWICK, M., E. S. BEATRICE, and T. GARCIA Effects of prolonged
exposure to low level coherent light (514 no). (Abstract) Invest
Ophthal (Suppl) April 1978 p 172.
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23. MU Glucose levels of 161.1 W4 In citrate phosphate dextrose (C?!)) adenine (Ad)
will not maintain adenosine triphoasphate (ATP) at lfrvels greater than 2.0 uM/g~b (or
50: of the starting value) In HCTw85 packed erythrocytes (RBC) for 35 days of storage

at 1. C. By increasing the glucose to 226 mM in CI'D Ad. ATP wis m.aintained at greater
than :.0 uX/lb for 5 weeks. It is important to determine if A smaller concentration
of giuerse, i.e., 191, Pat (IM5 standard CPD) or less In CPD, supplementec. with 2.03 m:1
:.d will have xufficienit glucose for mainrenanze of AT? at treater than 2.0 uWl/sHb after
35 days of storage. This work is inportant to the Ariny',s Continuing effo7t to extend
the shelf life of stored RAC.

2'. (U helvesofgucs, T,2,3-diphosphoglycerate (OPG) and pli will be

dote-mzined in blood stored in th~e C11D wlth, various quantities of adenine and glucose.

[25. (V5 77 10 - 78 09. Five anticoagulants with Increased concentrations of adenine
,and/or glucose veri evaluated In vitro at UCT's 40. 70, and 85. Although Investigations
fare not com.plete, one of these anticoagulants (A2) produced acceptable maintenance of
*lucose, ATM'. DPG. and pH In packed cells stored at HCT*85 for 35 or 42 days. All
janticc.ulants except Al were adequate at 1IcTw70; all perfore~i well with whole blood.
:Turther Ir vitro optimization of adenine and glucose In CPD-adenine will be carried

lnt ude a ewwork unit.
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ABSTRACT

PROJECT NO. 3S762772A814 Ml itary Trauma and Resuscitation

WORK UNIT NO. 001 In Vitro Metabolism of RBCs Stored
in CPD with Increased Glucose and
Increased Adenine

The following investigations have been conduct~d under this work unit:

STUDY NO. I In vitro mtabollni of packed et-ythrocytes stored
in varius glucose concentrations in CPD-adenlne

CPU-Al anticoa;ulant (161 mM glucosq' and 2.03 mM adenine) vas li-
censed for national use by, the Fo94 and Drug Administration in-Jun'; ,

1978, This anticoagulant allows for whole blood or packed cell
4torage of up to 35 days. However,, the i-ability of the packed cell
units at 35 days is marginal. wXth 30Z falling below the 70 'minimum
survivability standard. To improve the storage characteristics of
packed cells, nodified formulation* of CPD-adenine are beiug
evaluated in conjunction with the blra bag manuLcturers and one
of the ZIRWC blood contractors. In vitroanalyais of red cells
stored as whole blood (Hcto40) or as packed cells (Nnt-70 or 85)
are in progress. Preliminary analysis indicates that &t Hct-h0 all
modified fortaulations are adequate. kowever, at Uct-70, Al is
marginal and the rest adequate. At the lct-85 level (which is
frequently found In blood banks) Al, #A, and A6 are Inadequate,
while A2 and A3 appear efficacious.



BODY OF REPORT

WORK UNIT 449. 001 Yn Vitro Metabolism of RBCs Stored
in CPD with Increaated Glucose and
Increased Adenine

STtWY NO. I In vitro metabolism of packed
ervthrocytes stored st various
&loscose concentratioust in CPD-
adenine

PROBLEM

Citrate-phosphate-dext.ose (CPD) has been established as; a useful
anticoagulant foT liquid blood storage up to 21 days, and, with
adenine supplement,:tion, C?D-adenine will permit storage of red
blood cells for 35 days. European formulas for CPD-adenlne have
contained 4.u6 fl adenine (0.50 H in blood). Since adenina may
cause renal toxicity, it is desirable to develop a formula for 1P'
which would contain the least postible Amount of adenine that will
still maintain blood storage in the liquid state for 35 days. Studies
of packed cells stored in CPD-adenine have indicated that glucose in
excess of that in standard CPD 129 m4 or IX may be necessary for
adequate aiintenaice of erythrocyte ATP (>2 wm/gm Hb) through 35 days
of storage. Thus, a systematic search for the optimal glucose ind
adenine content of CPD preservative is necesaary.

RESULTS AND DISCUSSION OF RESULTS

Survival studies of CPI-AI (1.25X glucose and 2.03 Wt of adenine)
indicate marginal survivals for packed cello on Day 35, with 30%
below the mean of 701 survivabii'ty. Hodified CP-adenine
formulations have beeu sad- up and tested in vitro as follows:

AntLcoaxulant Iglucosel lAdeninej Hct Tested
Al 161 wM (1.25X) 2.03 .11 70 and 85
A2 276 alt (!.75X) 4.06 W'K 40, 70, and 85
A3 258 all (2.OX) 4.06 mM 40, 70, and 85
A5 194 at (1.5X) 2.03 mH 85
A6 194 mil (1.5X) 3.05 am 85

At hematocrits of 40 or 70, A2 and A3 are in excess of the required
glucose and adentne needs of the red cells during 42 days of 4 C
storage. S~xparitb.,ts ar'e now 1A progress to evaluate all 5
anticoagulants at Hct-85, which has been proposed as the upper

liit of packing for red cell concentrates. In vitro .valuation of
the platelets .rom these units were done under Work Unit No. 042.
"Red cell" poramoters measured include ATP, 2,3-UPG, pit, plas
hemoglobin, &nd blood glucose.
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CONCLUSIONS

In order to maintain adequate red cell ATP levels (Z5O% of initial
ATP, To AT ) for 35 or 42 days of packed cell storage (Hct-70).
glucose and adenine concentrations need to be Increased from that
ubed in CPD-AI. At Het-70 the anticoagulants A2 and A3 appear to
be in excess, while A5 and A6 are adequate. When the system is
stressed by packing the cells to Hct-85, the AS, A6 system wre
not adcquate. At this lict the A2 and A3 systems were effective in
ATP maintenance, vith the A2 system shoving the best results:
642 of the To ATP on Day 42 of storage.

RECO EN,,DATIONS

1. The effort to Improve CPD-AI should continue with the goal
of affecting 42-day storage of packed red cells at a prescribed
upper Hct, so that adequate ATP levels are maintained to assure
acceptable in vivo survivability.

2. Optimization of CVD-adenine for 42-day storage should be
continued in a ev work unit designed :o integrate the Arwy i1quid
blood preservatioa RD effort into a cost-effective targeted program.

PUBLICATIONS

None
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ABSTRACT

PPJECT NO. 3S762772A814 M'ilitary Trauma and Resuscitation

WORK UNIT NO. 003 Preservation of 2,3-DPG in Red Cells
Subjected to Extended Liquid Storage

The follovi ig investigations have been conducted under thit work unit:

STUDY $0. 2 Stabilization of ascorbic acid as a red cell
preservative

STUDY NO. 5 The stabilization of dihydroxyacetone (DilA) for use
in maintaining red cell 2,3-DPG during liquid
storage

Currently available techniques for the liquid preservation of red cells
do not maintain the red cell 2,3 diphosphoglycerate (2,3-DPG) concen-
tration sufficiently so that it can modulate hemoglobin to release
oxygen optimally. This defect of stored red cells may be a critical
fector In amorrhagic shock, and thus, in resuscitation of the
mavslvely wounded soldier.

STUD" O. 2 Solutions of asco:bate-2-phosphate (AsP) at a concentra-
tion of 41 mM were stable for 6 months in the presence of CPU,
glucose, adanlnc, and saline. AsP at this concentration, but not
in aurv dilut rolutions, wva also stable t.o autoclaving. AsP was
evaluated as part of a packed call preservative solution and was
eifective in 2,3-'PG maintenance.

SA1DY NO. 5 The solution stability of DINA at 25 C was extended to
20 months, and proved to be stable in 0, saline, adenine, glucose,
and low phosphate solutions. It was unstable in CPD, citrate, AsP, or
higa phcsphate j160 mH) solutions. DHA was unstable in solutions of
91O or saline if stored at 50 C for longer than 2 months, but was
stable to autoclaving at 121 C for 20 minutes. Optimizing of the D"
-ncentration was coae by a combination of experimentally testing
several concentrations In whole blood, and the use of computer
analysed mathematical optimization techniquem.
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23. (r Althooh the significance at the tissue ledl of a ft-shifted oxgn dis cts

tlcn curve exhibiteod by 2.3 diphosphog17cerate (OPCI deficient red calls is not com-pletely clear, it Is highly probable that superior red call function would provh oran
function it the mssvely transfused, acutely wounded soldier. Currently usd red cell

storae anticoagulant-preservative solutions (APS) do not perait the red call to main-
tain DPG concentrationis. 'forma oxygen off-loading characteristics of hemoglobin are
depndent, at least In part. on the allolteric regulation of DPG within the red call.These studies will de lop and evaluate both additive and storage systems which will
enable red calls to better ,intain DG during liquid storage, vithout impairing other

glycolytic intermediates such as adenosine triphosphate.
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WORK UNIT NO. 003 Preservation of 2,3-DPG in Red Cells
Subjected to Extended Liquid Storage

STUDY NO. 2 Stabilization of ascorbic acid as a
red call preservative

PROBLEM

After 14 days of liquid storage as whole blood or red cell concen-
trates, red cell 2,3-DPG is not maintained at levels permitting
normal oxygen transfer to tissues. Preliminary data suggest that
decreased oxygen transfer may be particularly deleterious to
soldiers requiring massive transfusions to correct hemorrhagic
shock. Recently. it has been found that ascorbic acid, especially
in combination with dlhydroxyacetone (DHA) will maintain 2,3-DPG
levels above 502 during extended liquid storage (35 days). However,
ascorbate, either as the acid or as the sodium salt, is not stable
in solution and decomposes rapidly when exposed to the autoclaving
necessary to sterilize blood bags. It is important, therefore, to
develop ways of stabilizing this compound. The stability and
efficacy of derivatives of ascorbic acid such as ascorbate-2-phosphste
(AsP) will be evaluated.

RESULTS AND DISCUSSION OF RESULTS

Solutions of 42 mit AsP were stored in plastic transfer packs at
25 C for 7 months in the presence of CPD, saline, glucose, or
glucose and adenine. Sodium ascorbate (NaAs) in saline served as
the control. The contents of each bag was assayed at 30- or 60-day
intervals for ascorbate phosphate, pH, and checked for chemical
changes by ultraviolet spectroscopy and thin layer chrot.ttography.
AsP appeared stable through 7 months (experiment still in progress)
in all of the above solutions, but the control sodium ascorbate was
50% decomposed after one month and 90% decomposed after 4 months.
The stability of AsP to autoclaving was concentration dependent.
41 m1 AsP and NaAs were both stable to autoclaving, but 1:10
dilutions of each were only 84 and 68% stable, respectively.
A 1:100 dilution of each compound gave 60 and 0% stabilities,
respectively.

AsP was added to packed cells for 42 days of 4 C storage. Final
blood concentrations of 3.5 to 5.0 mi4 resulted in maintenance of
red cell 2,3-DPG to near fresh blood levels for 6 weeks of stoage.
These studies are reported in more detail as optional additive
studies in Work Unit No, 006.
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CONCLUSIONS

AsP and NaAs are stable to autoclaving at a 41 uH concentration,
but only AsP is stable for extended periods in solution In & blood
bag. The stability is not affected by CPD, making It possible
to be included as a component in a CPU preservative solution.
AsP is also stable in solutions of adenine, glucose, and saline,
and thus could be used as a component of an optional additive
solution (see Work Unit No. 006).

RECOHENDATIONS

Further investigations should be performed to evaluate the efficacy
and potential toxi':ity of AsP when used as an additive to maintain
red cell 2,3-DPG. The optimal concentration should be determined.

PUBLICATIONS

1. BEVSINGER, T.A., T.F. ZUCK, B. TOLBERT, S. McLAUGHLIN, C.C. PECK,
and H. KNIGHT. An enzymatic method Lor measurement of ascorbate-2-
phosphate. Biochem Med 19:118, 1978

STUDY NO. 5 The stabilization of dihydroxyacctone
(WIIA) for use in maintaining red cell
2,3-DPG during liquid storage

PROBLEM

After 14 days of liquid storage as whole blood or red cell concentrates,
red cell 2,3-DPG is not maintained at levels permitting normal oxygen
transfer to tissues. Preliminary data suggest that decreased oxygen
transfer may be particularly deleterious to soldiers requiring massive
transfusions to correct hemorrhagic shock. It has recently been found
that ascorbic acid, especially in combination with dihydroxyacetone
(D1A) will maintain 2.3-DPG levels above 50% during extended liquid
storage (35 days). The additive DRA appears to be unstable in solution
with anticoagulants or when autoclaved.

It is important, therefore, to develop ways of either stabilizing this
compound, or to develop modified compounds which have the same poten-
tial effect as DILA in preserving red cell 2.3-DPG. It is necessary to
study the rate and mechanim of DNA decomposition in various aqueous
solutions and develop a meihod for its stabilization. Stabilization
of DHA may be achieved by development of a complex or derivative.

RESULTS tm DISCUSSION OF RESULTS

Solutions of 150 AM )IIA in sterile blood transfer packs were stored
at 25 C for 20 months. DHA was stable In water, saline, saline plus
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adonine or dextrose, or 16 am phosphate. DHA was unstable in CPU,
citrate, 160 uH phosphate, or ascorbate-2-phosphate (AsP). DIIA was
added to CPD-AI whole blood units In concentrations of 0-80 .H to
find its optimal concentration, defined as the maximum maintenance
of red cell 2,3-DPG with the minimum loss of ATP after 35 or 42 days
of storage. Data were gathered from 3 experiments and were analysed
with a multiple linear regression program that produced equations
from which the partial derivatives with respect to DRA were obtained.
With these derivatives, it was possible to obtain optimal concentration
predictions for usage of DNA. The predicted optimum was about 30 AM,
which has been born out by experimental measurements. DIIA was
added to packed cells at 30 v11 and shown to help maintain 2,3-D G.
but the effects were less than when whole blood was stored.

CONCLUSIONS

DNA is stable in liquid storage in H2O, saline, or RZO with adenine
or glucose, at 25 C. It could be used in blood storage if added to
the blood via an optional additive system (OAS) contained in a
satellite bag attached to the primary bag.

RECOMMENDATIONS

The use of DHA to help maintain 2,3-DPG in stored blood should be
further evaluated using the OAS approach. Optimization of 2,3-DPI
maintenance should be continued in a new work unit designed to
integrate the Army liquid blood preservation R&D effort into a
cost-effective, targeted program.

PUBLICATIONS

1. LEDFORD, N.E., G.L. hOIKE, and T.A. BENSINGER. Comparison of
two 2,3-diphosphoglycerate assays. Clin Cheu 24:517, 1978

2. MOORE, G.L., M.E. LEDFORD, 1.R. BRUMELL, and D.E. BROOKS.
The potential use of dlhydroxyacetone: Solution stability and use
in packed cell storage. (Submitted for publication)
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23. (U) The final objective of this study, clinical trials of an improved anticoagulant,
Is Food and Drug Administration licensure, which wotald permit clinical vse of rtd
cells after prolonged liquid storage. Shipment of blood into combat areas necessitates
delays betueen drawing and Infusion; the i~ipact of these delays on the quality of red
cells Infused will be minliied through use of an Improved anticoagulant-pretervative
solut ion.

24. (U) Currently, red cell liqid storage In CPO-AI anticaulant-protservative is
limite0 to 35 days and .s not approved for component storagte. Survivability of packed
red cells (PC) stored in CPD-Al for 35 days is marginally acceptable. In vitro studies
of metabolisn in red cells and platelets stored in modified CI'D-adenin* suggest that
increased adenine and glucose in the preservative will improve survivability. Such
Improvements may allow exctension of red tell storage time to 42 days or beyond. The
Division of Blood Research, LAIR, will coordinate efforts with civilian and
container-solution manufacturers In the execution of clinical trials of prooising
Improved CPD-adenine formulations.

25. (U) 77 10 - 71 09. In compliance w~ith FDA recommendations, 14 more huan in viva
autologous red cell survivability studies were performed on blood stored for 35 days
in CPD-Al. These data contributed to the successful licensure of CPO-Al by FDA In
June 1978. Hunan in vivo survival studies an platelet concentrate harvested fro=
blooad drawn In CD-Al are being planned.
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ABSTRACT

PROJECT NO. 3S762772A814 Hilitary Trauma and Resuscitation

WORK UNIT NO. 004 CPD-Adenine Clinical Trials

In compliance with Food and Drug Administration recommendations
that the CPD-adenine clinical studies reported last year be
supplemented by further Investigations, 14 more human in vivo
autologous red cell survivability srudies were performed on packed
cells stored in containers from 2 different manufacturers.
Red cell survival (24 hour 5"Cr-recovery) was not materially
different from those reported in the first series of CPD-AI red
cell survivability studies: Imanufacturer I - packed cell
survivability - 81.3±5.8% (X±SD, n6), whole blood survivability
68.3±16.8% (n-2); manufacturer II - packed cell survivtbility
71.3i7% (n-4), whole blood survivability 83.0±1.2% (n-2). These
data contributed to those of several cooperating laboratories and
were summa rized and submitted to FDA in support of licenaure for
CPD-AI. In June 1978, FDA granted a license to one manufacturer
to sake available CPD-AI for the storage of whole blood and packed
cells for up to 35 days.

Licensure for the harvesting of components, however, has been
withheld pending the results of survival and function studies
of platelets stored in CPD-Al. The Department of Blood Research,
LAIR in cooperation with several civilian laboratories is currently
planning survival and function studies of platelets stored in
CPD-Al to support licensure extension for the storage of blood
components in CPD-Al.

In all studies of red cell survival of packed cells stored in
CPD-Al, it has been noticed that survivability is marginal after
35 days storage (grand mean ±SD: 72.8±9.5%, ne4l), In vitro
studies of red cell metabolism on erythrocytes stored in modified
CPD-A1 suggest that increased adenine and glucose ir' .he preservative
will improve survivability. Such impro.ements may allow extension of
red cell storage time to 42 days with the assurance that packed red
cella will survive in an acceptable fashion. When the modification
of CPD-A1 is specified to be near optimal on the basis of In vitro
studies, this work unit will support clinical studies of red cell and
platelet survivability/function in the new preservative in support of
a licensurs effort.
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BODY OF REPORT

WORK UNIT NO. 004 CPD-Adenine Clinical Trials

PROBLEM

The original objective of this work unit was to execute clinical
trials of blood stored in CPD-adenine in support of Food and Drug
Administration licensure 'which would permit clinical use of red
cells in military field situations. This objective has been partially
realized with the licensure of CPD-Al by FDA in June 1978. With the
execution of these studies, however, two problems have emerged which
require further effort. One is the recognition that red cell survival
of packed cells stored for 35 days In CPD-Al is marginal. Thus,
while whole blood preserved in CPD-Al exhibits acceptable survivability
following 35 days storage, packed red cells are acceptable for only
26 days storage. The other problem is the necessity to evaluate the
survival and function of blood components stored In CPD-Al. FDA has
licensed CPD-Al for the storage of whole blood and packe red cells
only, and does not sanction the storage of platelet concentrates
in CPD-Al. The utility of CPD-Al is thus severely limited under
current civilian and military blood banking practices as harvesting
of components and component therapy is the rule. Thus, evaluation
of platelet survival and function in platelet concentrates stored
in CPD-Al emerges as an important secondary requirement for full
utility of CPD-Al for extended storage for military field use.
Moreover, it is apparent from in vitro studies of red cell
metabolism, that the storability of red cells In CPD-Al can be
extended to 42 days with the proper adjustment in the adenine and
glucose content of a modified CPD-Al formulation.

RESULTS AND DlSCUSSION OF RESULTS

Fourteen additional human In vivo autologous red cell survivability
studies were performed in this laboratory on blood stored in CPD-Al
for 35 days. These studies were performed on the recomendation
of the Food and Drug Administration following the revelation that
some of the original CPD-Al red cell survival studies were performed
in blood that had been stored in bags which were mislabelled as to
the plastic type. Whole blood and packed red cells stored in CPD-Al
within containers from 2 different manufacturers were performed.
Red cell survival was similar to that reported n the first series
of CPD-Al red cell survivability studies: manufacturer I - packed
cell durvivaLility - 81.3!5.8% (XISD, n-6), whole blood survivability
a 68.3116.8% (n-2); manufacturer I - packed cell survivability
- 71.3±72 (n-), whole blood survivability - 83.011.2% (n-2).
These data contributed to those of several cooperating laboratories
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and were suvmarized and submitted to FDA in support of licensure of CPD-
Al. In June 1978, FDA granted & license to one manufacturer to make
CPD-Al comeTcially available for the storage of whole blood and packed
cells for up to 35 days.

Licensure for the harvesting of components, however, has been
withheld pending the results of survival and function studies of
platelets stored in CPD-AI. Widespread use of any new preservative
system is contingent upon licensing for blood component preparation.
Hence, iumediate availability to the military of the CPD-Al blood
presevation syste must await licensure for component preparation.
For this reason, we, in cooperation with several civilian laboratories.
are planning survival and function studies of platelet$ stored in
CPD-AI to support licensure extension to the storage of blood components
in CPI-Al.

In all studies of red call survival of packed cells stored in CPD-Al,
it has been noticed that survivability is marginal after 35 days
storage. Although the mean red cell survival of packed cells (homatocrit
700Z) is greater than 70% (72.7±9,6%, no40), it is apparent that greater
than 30% of packed cell units stored in CFM-adenine for 35 days will
exhibit survivabilities of less than 70Z. In vitro metabolic studies
on erythrocytes stoved in modified CPD-Al sug3est that increased
adenine and glucose in the preservative will improve survivability.
Such Improvements say allow extension of red cell storage time to 42
days with the assurance that packed red cells will survive in an acceptable
fashion. When the modification of CPD--A1 is specified to be near
optimal on the basis of in vitro studies, this work unit will support
clinical studies of red cell and platelet survivability/function in
the new preservative in support of a new licensure effort.

CONCLUS IO4S

The original objective of this work unit has been partially
achieved with the licensure of CPD-Al for 35 days storage of whole
blood and packed cells in June 1978. This laboratory, in coopera-
tion with several civilian laboratories, is currently planning
survival and function studies of platelets stored in CPD-Al to
support licensure extension for the study of blood components in
CPD-Al. An improved CPD adenine formlation is being developed.
This should eventually rests : in 42 days storage life for whole
blood and red cell concentrates with acceptable survivabilities.

RECOM-NDATIONS

1. Studies of platelet survival/function stored in CPD-Al should
be perforted in support of licensure extension fo: the storage of
blood components in CPU-Al.
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2. In vitro studies of a modified CPD-Al with increased glucose
and adenine concentrations should be performed as a prelude to
in vivo evaluation of this improved CPD adenine preservative.

The goal of these investigations should be the optimization of
the improved CPD-Al to provide unquestionably acceptable storability
of packed erythrocytes for 42 day storage.

3. W .en these studies are completed and the appropriate modifi-
cations of adenine and glucose in the modified CPD-Al formulation
have been made, this laboratory should participate in cooperative
clinical trials of red cells and platelets in the support of a
licensure effort for the new preservative.

4. The department should participate with the manufacturers in
applying for a new drug application and applying through the
Surgeon General's Office for the required amendment to the
Institutional Blood Bank License held by the Surgeon General to
permit the Army, as dictated by military requirements, to use
CPD-Al or improved CPD-AI forulations.

PUBLICATIONS

1. Anticoagulant Citrate-Phosphate-Dextrose-Adenine Solution, New
Drug Application (NAM) No. 77-420, Sect.on 3, I. Clinical Studies,
Fenwal Laboratories, 1 Baxter Parkway, Deerfield, II. 60015, 1978.
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ABSTRACT

PROJECT NO. 3S762772A814 Military Trauma and Resuscitation
IIAJRI( UNIT NO. 005 Fvluation of DEUP (d'-2-ethylhexyl-

phthalate) Disposition in Primates
(including man)

The following irvestigations have been conducted under this work weit:

STUt)Y NO, 2 Factors aftecting DEP Iea:hing

STUDY N3. 5 Pharmacokinetic evaluation of DEH?

STUDY NO. 8 Phthalic aci4 ester (PAE) loads in stored plAtelet:
rich plasma (PRP) and plasma used in simulated
transfusion therapy

STUDY NO. 2 The transformation of DIEP into MXHP during cold storage
appears to be due primarily to an enzymatic proess. This process can
be inhibited by heating plasma samples to 60 C for 30 min.

STUDY NO. 5 A protocol detailing a 13C-DENP pharmacokinatic and
metabolism study in man has been prepared, submitted for review, and
approved. A coumercial source for l C-DUIJP impregnated
polyvlnylchloride blood bags has been identified and has initiated
preparation of prototype bags.

STUDY NO. 8 In order to evaluate reports of DElIP toxicity in monkeys
exposed to autologous plasma stored In polyvinylchloride (PVC) bags,
DEHIP leaching and metabolism were studied In rhesus monkey plasma.
Rhesus monxey platel*t concentrate (PR?) stored in PVC plastic blood
bags accumulates DEIP -it approxiaataly the sa*a rate as huran PRP
-.n4er similar conditions. Trarformation of a portion of leached DENP
to mono-2-ethylhexyl-phthalate (EIP) occurs during storage of
rhesus monkey platelet concentrate at a rate which is quantitatively
lcs than that In human platelet concentrate. We conclude that
studies of the toxicity of plasma scoruI in PVC bags should take
into account both DWI? and MVIMP exposure.
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BODY OF REPORT

WORK UNIT NO. 005 Evaluation of DEtP (di-2-iithylhexyl-
phthalate) Disposition xn Primates
(including Han)

STUDY NO. 2 Factors affecting DEHP leaching

PROBLEM

Increasing the storage duration for whola blood and packed red cells
will improve the logistics of field transfusion therapy. The
plasticizer di-2-ethylhexyl-phthaiate (DEHP) leaches from polyvinyl-
chloride (PVC) plastic blood bags into plasma during storage.
Concern hs beepl expressed about its potential toxicity in transfusion
recipients. Since DEP leaching from PVC increases approximately
linear vith time, prolonged storage ay increase the potential
toxicity. To assess properly the increased risk of exposure to DEUP,
detailed studies of leaching characteristics, the factors affecting
leaching race, &nd pharmscokinetic evaluttion are essential.

Developing ways to limit human exposure to DEHP (in plasma) requires
identification of factors affecting EHIP leaching into plasua from
PVC blood bags. This will permit selection of storage conditions
which minimize leaching. During studies of 1'4C-DEHP disposition in
the African green monkey (Study No. 5, FT 76), small quantities of
mono-ethylhexyl-phthslate (KEHP) were discovered in infusion plasmas.
We have shown that HEHP arises de novo during cold storage of blood
products, probably as a result of enzymatic conversion of leached
DEN? to KENW (Study No. 2, FY 7). Since E? is known to be at
least as toxic as DENP, more information regarding the origin of
this blood storage contaminant is necessary to prevent inducing
toxicity to military recxpients.

RESULTS AND DISCUSSION OF RESULTS

The effect of heating plasma samples containing DENP and HEMP has
been studied with regard to beat effects on DENP and MEMP conversion.
Heating plasma samples in a water bath for up to 150 min at 60 C
showed the conversion of DEHP to MEW? to be inhibited after 30 win.
This observatioo has prompted the heating of all plasm& samples from
DEMP leaching experiments so that convervion of DENP to KE)W is
inhibited during sample storage. Analysis of timed heating experiments
at incabatior between 23, 53, and 60 C enabled a study of the relative
contributlons of enzymatic and nonenzymatic hydrolysis of DENP to MEEP
accumolation rate. Envi atic hydrolysis of DEW? is largely responsible
for 19W accurulaticd during storage.
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CONCLUSIC4S

eating plasma samples to 60 C for 30 win inhibits further
hydrolysis of DEI? to M~hP and can be used to inhibit couversion of
DEHP to ME:W during sample storage. Enzymatic hydrolysis of 1#EH1 is
largely responsible for HERP accumulation durn:a storage.

REC(O@IENDATIONS

Rates of accumulation of DEIR and 1H? should be studied in new
blood prodqcts developed in this laboratory. Factors tich affect
these phenomena should be further elucidated.

PUBLICATIONS

1. PECK. C.C., D.C. ODOM, H.I. FRIEDWA* P.W. ALBRO, JR. MASS.
J.T. BRADY, and D.A. JESS. Di-2-ethylhsxyl phthalate (DEiH) and
aono-2-ethylhexyl phthalate (EHMP) accumulation in wholm blood and
red cell concentrates. Transfusion (in press)

STUDY NO. 5 Pharmatokinetic evaluation of OWJlI

PROBLEH

The pharacokinetics cnd metabalic fate of DEIP in primates has been
elucidated in a subhumn primate species (African green monkey; see
annual report FY 76, this work unit) and preliminarily in man (s
annual report FT 77, this work unit). In order to determine risks of
toxicity from this blood storage contaminant during missive transfue~on,
the metabolic eispositAon of DEII? in man must be investigated.

RESULTS AND DISCUSSION OF RESULTS

A protocol has been prepared which details a plan for the elucidation
of the human pharacokinatics and metabolism of s(,DElP which has
been incorporatod into standard PL-146 bloed begs and leached into
plasa. Plasma from volunteers will be stored in these bags for
72 h at room temperature, during which time "3C-DIMP will
accumulate in the plasma. Following reinfusion, serial blood and
urine s lsples will te taken for up to 96 'a for the study of
tht disposition 3nd kinetics of DIM? and MEMP. The protocol has
ben reviewed by local and Washington-based human usa committees
and was approved in August 1978. A camoercial firm has been
contacted and agrees to incorporate 1SC-M into standrd PLI16
plasttc blood bags for the purpose of this study.

CONC;LUSMOIS

Thexo tuISl for the study of the pharMacokinetico and metabolim

of IC-DE in man has boen prepared and approved. It is In the
Initial stage& of execution.
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RECOH MAT IONS

A def niti.ve investifation of the disposition of DEHP in man should
ba undertaken using C-DEHP.

PUbLICATIO4S

1. PECK, C.C. International Forum: What Js the toxicological
importance of the liberation of phthalat*s from plastic containers
into blood, its components, and derivatives? Vox Sang 34:244, 1978

2. PECK, C.C., P.W. ALBRO, D.G. OD3X, and J.R. HASS. Plasticizer*
in stored blood. In: icroaggregates, edited by L. Kotloff.
St. Louis: Warren-H. Green, Inc. (in press)

3. PECK, C.C., P.W. ALBRO, J.R. IASS, D.G. O)OM, B.B. BARRETT, and
F.J. BAILEY. 4Ietsbolism and excretion of the plasticizer di-2-
ethylhexyl phthalate in man, (Abstract) Clin Res 26:101A, 1978

STUDY 40. 8 Phthalic acid ester (PAE) loads in
stored platelet rich plasma (PP)
and plasma used in simulated trans-
fusion therapy

PROBLEM

hepatotoxicity ascribed to DFAP in stored monkey plasma has been
reported (I Lab Clin led 89:1066, 1977). In appraising such reports,
it is necessary to know whether or not such plasmas contain lEHP in
addition to DEHP since HERP is at least as toxic as DEHP.

RESULTS AN) DISCUSSIO 1 OF RESULTS

Platelet rich plasma (PRP) and platelet poor plasa (PPP) was
harvested from 2 rhesus monkeys and stored in PVC blood bags for
3 days at 22 C. Results of these studies and values for humA PW?
stored under identical conditions are detailed below:

Source IDE?.P
n molef/al

PPP-rhosus monkey (n-1) 651.9 19.9
PXP-rhesus monkey (nl) 963.4 9.4
PRP-humAn (n3) 916157,3 32.0M8.6 (S.)

338

4



While DER? accumulation in human and the one rhesus monkey FR studied
are similar, MP concentrations in stored human PRP Is 3 to 4 times
that of the one rhesus monkey PRP studied. Hore studies of stored
rhesus monkey PRP are needed before definitive conclusions can be made.

RECO,%OENDAT IONS

Studies of toxicity of DEHP in blood products should also take into
account toxicity due to exposure from MElP.

NULIATIONS

None

- 339



RE$EARCH MID m T O utDY WOK lrf DA OE 6098 78 10 01 DORAsj4I,

II ZI III 4I IM iVINT

77 10 O * Termination V' j 1U "* oh L h ."-{O-S.-' OVUS

2 ,S162772A1 00 .6
* . e O. ,s , '....,, ,

(U) The ToxicIty of Adenine %hen Uaed in Blood Anticoasulant Solution
It OC.40Y.0,( 669 Wr*seft"441 6wWM

016800 Toxicology; 012600 Pharmact', .y Wig

750oi 78 06 lc nH

Not Applicable g ,8 8 66

0 a. S '.... '. . &OAT ' 00

..,*Lettermn Army Institute of Research m. Lett*erman At'.y Institute of Research
Division of Blood Research'

S..... Presidio of San Francisco, CA 94129 400"*OPresidic. of San Francisco, CA 94129

.. ~ Opp -.90e&p.' ff54 Lm
-. ee*. *. *Hoore, Gerald L., PhD, DAC

M . arshall, J.D., COL, MS "s"o=w (415) 561-5875.... (415 ) 561 -3600 ....... €..

4. 64.40. Olt

"r" Peck. Carl C., LTC, MC
Voreign Inteiijence .ot Applicable ... POC:DA

(U) Adenine; (V) Blood PresgrsAmon: (U) 2.8 Dioxaamnine (U) glehrotoxicity

23. (U) The 21 day storage limit of blood used to transfuse the wounded soldier can beincreased 66 to 1O0= by the addition of adenine to the preservative. .etabolic andkinetic data will be gathered to define the efficacy and toxicity of adenine when used

as part of an anticoagulant solution for the storage of human blood. Investigations
will be conductod to determine if 2,8 dloxyadenine, a catabolic netabolite of adenine.
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:4. (V) The rate of transport of adenine into red cells during cold storage (whole
blood and red cell concentrates) and the rate of conversion to adenine nucleotides Vill
be investigated. The kinetics of adenine catabolic metabolism by x4nthine oxidase will
be evaluated.

I-5. (U) 77 In - 78 09. Adenine was used along with other chemicals as part of or tional
additive systems (OAS) to provide Improved long term storage for packed red cells,
Examination of soveral fornulations showed that one containing adenine, glucose, and

Iatcorbate-2-phosphate holds pronise for long term storage (at least 42 days) with
,a.:cantable viability and good oxygen transport properties. The OAS studies will
contin:;e tinder a new work unit,
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ABSTILACT

PROJECT 11O. 3S762772A814 .'tilitary Trauma and iesuscitation

WORK UNIT NO. 006 The Toxicity of Adenine When Used
in a Blood Anticoagulant Solution

The following investigations have been conducted under this worL unit:

STUDY NO. 2 Diffusion of adenine into and out of red blood cells

during cold storage

STUDY NO. 3 ,JIenine metabolism and kinetics in CPM-adenine
stored blood

STUDY NOS. 2 and 3 Experiments in this work unit during FY 78
were directed toward evaluating the effect of adenine and other
chemical additives on the preservation of packed cells. An optional
additive syoten (OAS) was used by which preservative chemicals
were sdded to packed cells that had been drawn in CPD. Exploration
of several systems shoved one of exceptional merit. This one
contained glucose, adenine, and aacorbate-2-phosphate (AsP). While
the system is not yet optimized, it appears to provide for red
cell survival and normal oxygen transport as measured by 2,3-
DPG and Pso for at least 42 days of storage.
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BODY OF REPORT

WORK UNIT NO. 006 The Toxicity of Adenine When Used
in a Blood Anticoagulant Solution

STUDY NO. 2 Diffusion of adenine into and out
of red blood cells during storage

STUDY NO. 3 Adenine metabolism and kinetics in
CPD-adenine stored blood

PROBLEM

Our goal is (1) to gather cat& on the efficacy and potential toxicity
of adenine when used as part of an anticoagulant solution for the
storage of human blood and (2) to maximize the beneficial effects of
adenine in both whole blood and red cell concentrates (KCC) when
part of the anticoagulant mix, or when used in an optional additive
system (OAS). In addition, we will determine the kinetics of adenine
uptake, egress, and metabolism by red cells in the above situations,
and deteruine the kinetic limitations of conversion of adenine to
its insoluble oxides by xanthine oxidase.

RESULTS AND DISCUSSION OF RLSULTS

The utilization of adenine in packed red cells, when the OAS approach
is used, has been studied in 4 experiments. The OAS storage method
involves drawing blood in CPD and harvesting plasma components from it.
The packed cells remain in the primary bag then are mixed with a small
volume of OAS solution that is contained in a small satellite bag
attached to the main bag. This allows for extended liquid storage
of the red cells in the ost desirable combination of chemical
additives without exposing the plasma components to these additives.

In the first study, cells were treated with 0.5 &I adenine,
16 m:1 glucose, and 3U m:1 dihydroxyacetone (all concentrations
listed after dilution in blood). The addition of solution was at one
of three time intervals, day 0, 7, or 14. Addition of OAS solution
at any of the time intervals maintained ATP levels above 50X of the
starting values for 42 days of storage. Tc use of OAS solution
caused significant improvement of 2,3-011G maintenance, but only when
it was added at Days 0 or 7.
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In the second OAS experiment, pyruvate, mannitol, and sodium

phosphate were added to the OAS formulation in an attempt

to achieve further increases in AtP and 2,3-DPG while reducing

red cell hemolysis. The OAS was added to the cells on Day

0 and 7. With this formulation, red cell ATP levels were less

well maintained than in the first experiment, while 2,3-D0?G 
levels

were the same in both experiments. The OAS solution had increased

osmolarity (>2000 williosmols) which causes noticeable shrinkage

of tie cells during storage, but measurements of mean corpuscular

volume indicated that the cells returned to normal size when

diluted in normal isotonic solutiona.

The third OAS formulation tested consisted of 16 mH glucose

and 5 m1 ascorbate22-phosphate (AsP) with ot without 0.25 a

adenine. Glucose-adenine controls were also run, with all OAS

addition to red cells dove on Day 0. The OAS formulations

containing AsP all held 2,3-IPG levels in excess of 802 
of

the starting values for 42 dgys of storage. AsP does, however,

cause a drop in red call ATP during storage. In the fourth

OAS experiment, correction of tile latter defect was attempted

by lowering the AsP c ,,centration to 3.5 mh and using increasing

doses of adenine (0.25 to 0.50 mil-1). This increase in adenine 
(with

less AsP) results i. 42-day ATP levels of about 40% of 
initial

levels. The 2,3-U1'G levelt were well maintained as before, and

measurements of P50 from Jay 21 to Day 42 showed excellent maintenance

of hemoglobin function :hrough Day 42. Tie Day 42 Ps2 values

range from 21 to 25 no ft; fresh blood is 25 mm, and CPU stored

blood is usually dcJn to lb ;= by Day 21.

COI CLUS IONS

The optional additive system appears advantageous for 
42 day

storage of packed red cells. The cells should remain viable,

as measured by ATP levels.and have excellent oxygen 
transport

properties, as shoni by maintenance of 2,3-DPG at fresh blood

concentrations, as well as snormal Pso values. Te OAS solution

with AsP has yielded cells with superior oxygen transport 
properties

to those seen in any other system. The OAS approach has great

flexibility in that the plasma components are not exposed to

the OAS chemicas and, in addition, the use of OAS may be

delayed up to 7 days after drawing. Thus, if the blood is

used during the first week of storage, the OAS 
chemicals would

not be in it.

RJLCOMILiATIONS

Studies should continue to evaluate the OAS system, 
contatning

AsP, glucose, and adenlne,.for use in long term storage 
of

packed red cells. The toxicity and nechanism of action of As?
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needs to be determined. Studie& should be instituted to determine
concentrations of additives which simultaneously maximize AlP
and 2.3-]JPG. This hill be done in a new vork unit designed to
integrate the Army liquid blood preservation R&D effort into a
cost-effective targeted program.

PUBLICATIONS

1, ?KORE, G.L., }i.E. LEDFOID, and D.E. BROOKS. The distribution
and utilization of adenine in red blood cells during 42 days of
4 C storage. Transfusion 18:538, 1978

2. ziOORL, G.L., Mi.E. LFFRD, and D.L. BROOKS. Plasma adenine and
cellular ATP in red cell concentrates collected and stored in modified
;PD at 4 C. Transfusion (in press)
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23. (U) The objectives art to devise an accelerated method for testing anticoagulant-

nutrient preservatives by using elevated teperaturts; to determine if rates of change
of the observed parameters during storage are predictable on a chemical-kinetic basis;

to apply such techniques to rapid screening of substances and techniques potentially

beueficial to preservaion of blood; and to evaluate the therapeutic effectiveness of

blood so preserved for the treatment of battlefield injuries.

24. (U) Results have shrwn. that the rates of change of functionally significant sub-

stances, such as H*. 2.3-diphosphoglycerate (2.3-DPC). and adenosine triphosphate (ATP).

in blood stored at 4 C can be predicted from obscrvations at 37 C. As rates of change
are often W0-fold greater than et 4 C, observations at 37 C of the effects of experi-

mental anticoagulant-nutrient pretervatives on blood storage can be condensed to about

24 hours compared to 35 or so days required at 4 C. This high temperature approach to

such streening will be continued and extended to (a) optimize the composition of preser-
vative media. (b) identify factors altering the collection and storage lesion, and (W.)
understand differences in individual donors with respect to blood storageability.

25. (U) 77 10 - 78 09 CPD preserved blood accumulates less fixed acid at 0 than at 4 C.

Pate of loss of organic phosphates at 0 C is essentially the same as at 4 C, except dur-

ing prolonged storage. There is an increase of blood AT? during the first week of stor-

age at 8 C, but subsequent losses are more rapid than with storage at 0 or 4 C. Ery-

throcytes dencity segregated by centrifugation display large differences t.n viscosity.

DPG is not well correlated with PS0 when the molar ratio of DPC/Hgb is above 0.5. Under

sone experimental conditions, negative correlations bet:een P. and Psc are observed.
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ABSTRACT

PROJECT NO. 3S762772A814 Military Trauma and Resuscitation

WORK UNIT NO. 007 Development of a Rapid System for
Assessing Blood Anticoagulant-
Nutrient Preservatives

The rates ot los, of 2,3-diphosphoglycerate (DPG) and adenosine tri-
phosphate (ArP), and the r'ate of accumulation of H+ ions during long-
term storage (6 weeks) at temperatures between- 37 and 4 C agree with
the thermokinetic (Arrhenius) equation. Thus, wiien these factors are
screened at 37 C, a rapid assessment of the value of proposed blood
preservatives is possible. The optimal liquid storage temperature for
citrate-phosphate-dextrose (C1'D) preserved blood appears to be near 0 C,
although initial storage at 8 C for several days after collection may
improve ATP retention. The erythrocytic properties of whole blood
reflect the integrated effects of the individual red cells; thus,
individual variability of donor blood during storage possibly reflects

in part the age distribution of the donor's red cells. Observations
of red cells kept at conditions (excess CPD, low pH, elevated tempera-
ture) similar to those2 occurring during the initial phase of blood
collection revealed an unexpected and large decrease in hemoglobin

oxygen affinity with a concurrent rapid fall in DPG. This negative

correlation between 150 and J)PG is being examined with particular re-
gard to the collection lesion (i.e., the apparent damage to the first
fraction of cells to be collected from a donor).
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BODY OF REPORT

WORK UNIT NO. 007 Development of a Rapid System for
Assessing Blood Anzicoagulant-

Nutrient Preservatives

PROBLEM

The supply and quality of liquid stored blood used for transfusion pur-
poses in wounded soldiers can be seriously limited by the exigencies of
warfare. Therefore, there is a unique military requirement for pro-

longing the present storage limit for preserved blood and improving the
quality of this product. Most experiments designed to improve preserved
liould blood generally are performed at 4 C, presumably on the pragmatic
ground that this temperature normally is used for liquid blood storage.

For several reasons, however, this pervasive experimental approach may
be undesirable. In the first place, the practice tends to perpetuate
the notion that 4 C is the optimum temperature for blood storage;
actually, this idea has not received extensive experimental inquiry.
Furthermore, individual experiments at 4 C usually require prolonged
periods of time to complete (up to 6 weeks or more). Because of the
variability found in the blood of individual donors and the multiple

permutations in storage conditions and preservation media that may re-
quire testing, satisfactory confidence in a new media or preservation
idea can be slow in developing. Finally, phenomena important to the
full understanding of the collection and storage lesions may be sup-
pressed or imperfectly developed at 4 C. Therefore, .the objective of
this work unit is to devise accelerated means for evaluating blood
preservatives and other variables affecting red cell storage in order

(1) to economize on valuable technical resources, (2) to provide
alternative theoretical approaches to understanding the deterioration
of red cells during collection and storage, and (3) to develop a scien-

tific basis for determining the optimal liquid storage temperature of

blood.

RESULTS AINI) DISCUSSION OF RESULTS

Rates of change, expressed as the time in days required to double (H +)
or halve (DPG) and (ATP) the original concentrations of the constituents
observed, are predictably affected by the storage temperature between
37 and 4 C. When the logarithm of rhe rate ig plotted against the
reciprocal of the absolute temperature (Arrhenius relation), a linear
relaticnship is obtained. The rationale of this finding ind the regu-

larity with which it was obtained suggrested, first, that the effects
of experimental blood preservatives on stored blood could be advanta-
geously examined at 37 C, where changes that require several weeks to
develop at 4 C become manifest within several hours; second, that be-
cause there had been no Guggestion of a change in "activation energy"
(i.e., the slope of the Arrhenius plot) over the temperature range

studied, the results might be extrapolvtable to the freezing point of
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blood (about -0.5 C). The latter speculation implies that the optimal
storage temperature of blood, at least in terms of organic phosphate
retention and suppression of H+ ion accumulation, was lower than that
in common use (4 C). An experimental test of this hypothesis in the
temperature range between 0 and 8 C confirmed that I+ ion accumulates
less rapidly at 0 C (doubling time approximately 40 days) than at
higher temperatures (doubling time approximately 27 days at 4 ). In
the case of DPG and AT11, however, the loss of these compounds appearedIto proceed at the same rate at 0 C as at 4 C (A'rP halved in 30 days;

DPG in 15 days) . Although the rate of change (as described above) for
each of these constituents at 8 C was consistent with previous findings,
the concentration of ATP at this temperature increased markedly durtng
the first week of storage. Increases of AT' in blood stored in CPD are
sometimes noted at other temperatures. The consistency and degree to
which this tendency was expressed at 8 C rty explain earlier findings
that had indicated chat 7-8 C was an optimal temperature for blood
st orage. It should be noted, however, that after approximately one
week of storage at this temperature, the rate of loss of ATP is con-
sider.ibly faster than at 0 or 4 C. Because AT' is thought to be an
important chemical intermediate in relation to cell deformability and
24-hour in vivo survivability, rotention of this constituent might be
favoted by initial storage of blood at 8 C for several days after col-
lection, subsequent storage. if necessary, being continued at lower
te.mperatures (0-4 C).

The collection lesion apparently results from --lie various physical and
chemical manipulat'ions of blood taken from Jcnors for storage purposes.
It has been suggested that this lesion may arise durir., the initial
stages of blood collection when the preservative/blood ratio is far
from its designed valte. During the collection period and before blood
is refrigerated, pH tends to be much lower and temperature much higher
than during storage. There is contradictory evidence on whether or not
ordinary variation in the time required for collecting and processing
blood signifi'antlv alters the quality of the product; but it is
generally conceded that inherent (usually unspecified) differences in
blood from different donors does have an important effect in this re-
gard. It is important to note that the collection lesion manifests
itself most prominently after relatively prolonged stcrage. Conse-
quentiy, the collection lesion problem is of much greater concern in
situations such as those encountered by the military where logistic
requirements extend required storage times. When erythrocytes are
incubated (37 C) in an excess of CPD to simulate the conditions to
which the first fraction of cells collected from a donor are exposed,
pH1 rapidly increases (to about 6.3) from a low starting pH of about 6.0.
This unusual pH change, opposite thac observed with incubated blood hav-
ing normal amounts of CPD, Is associated with a tapid decrease ip OPG
and a pronounced increase in the P5n of oxyhemoglobin. While uncon-
firmed as yet, it appears reasnnable that these changes are a result of
an efflux of K ion from t.e erytbrocyte and an uptake of both Na+ and
H+ !c.n. When these cells are returned to plasma or buffers in the

348

_ _ _ _ _ _ _ _ _ __o



alkaline p1 range (7.2-7.0 they have an enhanced tranmembrane pit.
The lower ir.rrace lular pH apparentrly accountLs for the increased PO
that is observed in spite of the extrenely low DPG values. Under con-
ventional blood storage couditions (normail CPD and 4 C), a similar lack
of correspondence between DIG vatues anc ,,xygen affinity has been ob-
served also. particularly in the first week or two of storage. Possibly,

this experirtienta!ly produced "lesion" also occurs when standard blood
collection and storage procedures are u-sed.

There is some evidence to uggest that erythrocyte age may play a role
in the deterioration procv,.s that occurs during the collection and
liquid storage ot blood. Although the idea has been challer,ged, it
would appear that the matter has not actua!vly re eived much exper!'ental
ittention. It is generally agreed, however, that the deteriorati.,. %r
aging of erythrocytea during storage is different from the normal aging
that occurs in vivo. For these reasons, an attempt is being made to
investiga<e this problem by -.egregatin|, cells according to age with
high speed centrifugation and subsequently following the effects in
these segrg.gated cells of variout, storage conditions at elevated tei-
peratures . there are numtercus physit.al, chemical. and functional dif-
ferences bet%. n woung ind old cells, and it seems hvpothetically
r asonable t they av respond difftrently to various storage envircn-
ments . Our data rtdicate, for inst anee that oxygen ,.ffinliy (1 50 and
t), deftrmabiitv, anO .iscositv vary greatly between voting and old
cells. The functional attributes of mixtures of young and ol c Cells,
rm-reover, appear to reflect the averaged att ribut,?.q of the Individuo l
cells, but these "averages" can be itunen itive to gross functional and
chemical changes In the various age groups. A sit ilar problem calt exist
in attempting to optimize the quaility and extend the storage period of
preserved blood by masiuring "averagr*" biochemical changes when the
important alterat ons actually may be restricted to ervthrocvtc. of a
certain age group.

CONC' %.:IONS

1. Storav. of CPDlpreserved blood at 0 C diminishes the rate of nccumu-
latlon of fixed a id arn-I for this reason, 0 C storage shou!6 improve the
quality of transfused blood, particularly when this blood .s rtored for
long periods.

2. High temperatures can be used to screen potentially tiseful preser-
vati.ve mixtures, thereby affording great economv of experimental re-
sources and accentuating phenomena possibly related to the collection
and storage lesions.

3. Large changes in blood quality can occur as a result of its exposure
to excess CI'I) preservative during collection.
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RECOMMENDAT IONS

In vivo survivability of blood stored at 0 C ahould be tested and com-
pared with 4 C blood. Because of the departure from LAIR of the co-
investigator, this aspect of the work unit has not been accomplished.
Efforts are being made to find a replacement medical officer able to
perform such measurements.

A modified means of collecting blood that avoids exposure to excess
preservative should be explored.

PUBLICATIONS

1. NEVILLE., J.R., T.A. BENSINGER, and T.F. ZUCK. Effect of tempera-

ture on blood storage. (Abstract) Transfusion 16:517, 1977

2. NEVILLE. J.R. Erythrocyte age and shape of the oxygen dissociation

curve. (Abstract) In: Proc of the International Union of Physiologic

Science XIII, 1977. p 548
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ABSTRACT

PROJECT NO. 3S762772A814 Miitary Trauma and Resuscitation

WORK UNIT NO. 008 Anesthetic Management and Perioperative

Care of the Acutely Wounded Soldier

The following investigations have been conducted under this work unit:

STUDY NO. I Selection of anesthetic agents for administration to
the acutely wounded soldier

STUDY NO. 2 Evaluation of myocardial performance during anesthesia

STUDY NO. 3 Evaluation of tri-service experimental portable volume

respirator

STUDY NO. 4 Basic studies in acid-base balance of human blood and

laboratory animal blood

STUDY NO. I To provide thT anesthesiologist with information regarding

the comparative cardioresp'ratory effects of anesthetic agents during
moderate hemorrhage, we have initiated a series of experiments in
chronically maintained dogs. We have, thus far, studied halothane 1.0%
and ketamine at the minimal anesthetic dose. During normovolemia,
ketamine produced a relative hyperdynamic cardiovascular state. With
30Z blood loss, there were no cardiovascular differences between halo-
thane and ketamine anesthetized dogs; however, with ketamine, oxygen

consumption was increased and a metabolic acidosis resulted.

STUDY NO. 2 To provide comparative data for anesthetic agent effect
on heart function and metabolism, we have utilized the swine right
heart pulmonary by-pass model. The model allows for controlled heart

rate, pre-load, and after-load. Morphine sulfate did not change myo-
cardial function or metabolism. Halothane resulted in a 452 decrease
in stroke volume and oxygen consumption, without alterations in lactate
extraction or arterial coronary sinus base-excess.

STUDY NO. 3 We are testing a tn-service portable volume controller
ventilator received from the U.S. Naval Medical Research and Oevelop-
ment Comand. Bench tests have ir, cated that the ventilator meets its
major specifications. Complet',-n of bench testing and animal testing
awaits replacement of components.

STUDY NO. 4 To evaluate properl) the data accumulated in Studies Nos.

1 and 2, it has been necessary to provide data regarding the acid-base
chemistry of swine, canine, and human blood. The babe-excess correc-

tion coefficient (related to the Haldane coefficient) for canine blood
was found to be approximately 3.% higher than human blood. Swine log
PCO2-PH curve and base-excess alignment nomograms have been constructed.
SitAilar human nomograwa are being constructed.
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BODY OF REPORT

WORK UNIT NO. 008 Anesthetic Management and Perionerative
Care of the Acutely Wounded Soldier

STUDY NO. 1 Selection of anesthetic agents for
administration to the acutely wounded
soldier

PROBLEM

The physiological effects of many of the currently used anesthetic
agents are known in great detail in both lboratory animals and humans.
However, little information is available regarding the physiological
effects of these agents during states of deranged physiology. This is
especially true regarding the effect of anesthetic agents during the
hypovolemic state. This lack of knowledge is most likely the result
of usual civilian practice of restoring blood volume t normal prior
to induction of an.thesia. In the vast majority of civilian injuries,
this is not only desirable but possible. Unfortunately, the noture and
extent of many milftary injuries require induction and maintenance of
anesthesia in an acutely hypovolemic soldier in order tisat a surgical
procedure may be peeform.ed to prevent further blood loss and allow
restoration of blood vclume. The choice of anecthetic agents in this
situation, at the current tim, can only be based upon anecdotal infor-
MaLtion. personal preferences. and experience of the anesthesiologist.

RESULTS AND DJSCUSSION OF RESULTS

We have embarked upon a series of experiments to provide data comparing
several anesthetic agents lor their ability to preserve physiological
function during moderate hypovolemia. In chronically maintained
splenectomized dogs who have been provided with chronic tracheostomies
and exteriorized carotid arteries, we have evaluated cardiorespiratory
function during graded hypovolemia. The dogs were anesthetized with
halothane on one occas;ion, which was maintained at an end-tidal concen-
tration of 1.0Z, and on a second occasion with ketamine, which was
administered via an intravenous drip at the mininmal dose rquired to
maintain anesthesia. Step-wise reductions of 10, 2r, and 30Z of each
dog's blood voltue were successively maide. During halothane anesthesia,

graded hemorrhage to 30% caused a significant fall in mean arterial
blood pressure, cardiac output, stroke work, minute work, and oxygen
transport. The stimulus provided by ketamine during norwovolemia pro-
duced significantly higher values for these parameters than were
measured during halothane anesthesia. Theve values fell during graded
hemorrhage so that, with ket&min at 30% blood loss, blood pressure,
cardiac output, atroke voliume , stroke work, minute work, and oxygen
transport were not different from the vale at 302 blood loss with
halothane, despite a significantly higher heart rate that had not
changed with hevorrhage. Hean pulmonary arterial pressure decreased
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protressively with hemorrhage, but was significantly different between
ketamine and halothane. Oxygen consumption was significantly higher
with ketamine anesthesia than with halothane anesthesia during normo-
volemia and during all levels of hypovolemia. Hemorrhage to 30% did
not alter oxygen consumption from the normovolemic values with either
anesthetic agent. Despite the iall in oxygen tri.nsport and the sus-
tained oxygen consumption with hemorrhage, no change in base-excess
was detected during halothane anesthesia. During normovolemia, base-
excess with ketamine was not different from halothane. Base-excess
decreased progressively with hemorrhage during ketamine and was signif-
icantly less at all levels of oligemia than during halothane. We con-
clude that the cardiorespiratory stimulation provided by ketamine dur-
ing normovolemia lessens with 307 blood loss. This resulted in appar-
ently Inadequate compensation for the increased oxygen con,_--ption and
created a progressive metabolic acidosis. Tht, latter was reflected in
a progressively decreasing base-excess. which we did not detect duiing
equivalent hypovolemia with halothane.

CONCLUSIONS

Ketamine appears to have adverse metabolic effects when used for
maintenance of anesthesia during moderate hypovolemia. We did not
detect such adverse effects with the use of halothane.

RECOKNDAT IONS

Recommendation for choice of anesthetic agent given to an injured sol-
dier cannot be made until the effects of other anesthetic agents are
compared with tie effects of halothane. Therefere, it is recommended
that (1) further physiological studies be carried out to assess physio-
logical effectr of halothane during graded hypovolemia; (2) other
anesthetic agents be similarly investigated so that their effects may
be compared with the effects of halothane, and (3) offer information to
enable anesthesiologists to make a more rational choice regarding the
proper anesthetic agent for use in the anesthetization of the acutely

wounded soldier.
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Anesthesiology, Abstract Papers, 1978.

3. TOWNSLEY, H.I., H.A. BRINKS, and R.B. WEISKOPF. Measurement of
enflurane and isoflurane by mass spectrometry. (Abstract) American
Society of Anesthesiology, Abstract Papers, 1976.
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STUDY NO. 2 Evaluation of myocardial performance
during anesthesia

PROBLEM

Although anesthetic agents are generally considered myocardial depres-
sants, firm physiological data, with all appropriate variables con-
trolled, are not available. We have therefore undertaken a series of
experiments to provide such data.

RESULTS AND DISCUSSION OF RESULTS

Hyocardial effects of anesthetic agents are being evaluated in the
right heart pulmonary bypass swine model (see LAIR Work Unit No. 012).
Fifteen swine were divided into three eqnal groups. All swine were
anesthetized by zonduct '., anesthesia. During the test periods in one
group, conduction a" f.-ia was continual; to the second group, 10
mg/kg morphine was administered; to the third group, 0.5% halothane
was administered. At constant after-load (mean arterial pressure
65 torr) and constant pre-load (left ventricular end diastolic pressure
14 torr), there was no significant change in left ventricular stroke
volume during the experimental period, in comparison to the control
period when no anesthetics were added to conduction anest...sla. The
addition of morphine (10 mg/kg added to the extracorporeal circulation
circuit) did not significantly alter myocardial performance. Addition
of halothane 0.5A' depressed stroke volume by 437.. This halothane-induced
depression was significantly different from the lack of change in either
the conduction anesthesia group or the group to which morphine had been
administered. Coronary blood flow during the working period as me.asured
directly by coronary sinus drainage did not change in any of the 3
groups. Myocardial oxygen consumption did not change in either the
control group or in the group to which morphine had been administered.
Administration of halothane caused a 45% reduction in myocardial oxygen
consumption. This decrease in oxygen consumption was significantly
different from the response of the other 2 groups. Values for myo-
cardial lactate extraction did not change in any of the 3 groups, nor
were there statistically significant differences among the 3 groups.
Similarly, arterial-re-nirv r'inu-z base-exceqs differences did not
change between the control and test periods in any of the 3 groups.

CONCLUSIONS

We conclude that in the swine left ventricular preparation, with con-
trolled heart rate, pre-load, after-load, arterial blood gases, and
pH, that (a) morphine sulfate 10 mg/kg does not alter coronary blood
flow, myocardial oxygen conauaption, or myocardial performance (stroke
volume); (b) halothane 0.5% does not alter myocardial blood flow but
reduces equally both myocardial oxygen consumption and itroke volum
by approximately one-half; (c) lack of alteration of myocardial lactate
extraction tends to indicate that neither morphine nor halothane,

355

I



within the limits of this experimental model, result in detectable myo-

cardial anaerobic metabolism.

RECOMIMENDAT IONS

It is recomiended that further physiological studies be carried out Lo
aisess the relative influences of other anesthetic agents upon myocar-

dial performance and metab-lism.

PUBLICATIONS
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STUDY NO. 3 Evaluation of tri-service experimental

portable volume respirator

PROBLEM

All 3 uniformed military services have recognized the need for a
portable volume controlled ventilaLor capable of ventilating injured

military personnel while in the field, during any one of the many modes
of transportation and evacuation, as well as in the hospital environ-

ment. Currently, commercially available ventilators cannot meet these

requirements. As. a result, primarily through the Office of Naval

Research, General Electric Re-entry and Environmental Systems Division

has produced an experimental ventilator designed to meet these needs.

Twelve prototypes have been produced. This prototype now requires full

laboratory and clinical testing prior to acceptance by the 3 services

for production and deployment.

RESULTS AND DISCUSSION OF RESULTS

Through the U.S. Naval Medical Research and Development Coand, this

laboratory has received for evaluation for the U.S. Army Medical
Research and Development Command a prototype model of the tri-service
experimentsl portable volume controlled respirator. We have completed

the majority of required bench testing, and the ventilator meets its
specifications iii all ajor aspects. There have been several major

failures of the ventilator which have required long delay periods for
repair. Both oxygen sensors in the ventilator have failed, and addi-
tional studies are suspended awaiting receipt from USNMRDC: of replace-
ment oxygen sensors.
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CONCLUSIONS

None

RECOMMIENDAT IONS

Bench testing should be completed and animal testing should be initiated
upon the receipt of replacement oxygen sensors.

PUBLICATIONS

None

STUDY NO. 4 Basic stlies in acid-base balance
of human blood and laboratory animal
blood

PROBLEM

In order to assess appropriately the data accumulated in Studies Nos. 1
and 2, the acid-base relationships of the laboratory animals used must
be known. Such information is nct available. This study will provide
the basic physiochemical data for dog, swine, and human blood.

RESULTS ANT) DISCUSSION OF RESULTS

To support the animal research indicated in Studies Nos. I and 2, we
have examined basic acid-base parameters of canine and swine blood.
We have determined that the oxygen-linked hydrogen ion binding of
canine hemoglobin is different from that of human hemoglobin, the base-
excess correction factor being approximately 34Z greater than that for
human blood (0.26 mEq/l per gram desaturated hemoglobin). We have
constructed an acid-base nomogram for pig blood (hemoglobin independent
curve plot of log PCO2 versus pit), and have found this plot to be
significantly different from the accepted standard for human blood.
We are currently developing acid-base alignment nomograms for both
awine and human blood.

CONCLUS IONS

None

RECOMENDAT IONS

The study should be continued until completion.
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ABSTRACT

PROJECT NO. 3S762772A814 Military Trauma and Resuscitation

WORK UNIT NO. 009 Metabolic Support Following Combat
Injury

The following investigations are being conducted under this wovk unit:

STUDY NO. I Metabolic support following cou't injury

STUDY NO. 2 Effects of the ratio of carbohydrate calories to pro-
tein supplied intravenously in minimizing body compo-
sitional loss following combat injury

STUDY NO. 3 Effects of surgical dressings and procedures on skin
bacteria surrounding venous catheters $

STUDY NO. 1 A model has been developed in 180 to 200 g male rats which
permits isolation of skeletal muscle metabolism apart from the remainder
of the animal. As a consequence, the influence of neurohumoral control
and substrate supply on skeletal muscle metabolism can be carefully
controlled. Initial evaluation of the preparation involved determina-
tion of the presence of adequate perfusion and normal hormonal
sensitivity.

Subsequently, an isolated perfused muscle wound model has been devel-
oped by using carrageenan injections into muscle. This preparation
appears to be histologically and metabolically similar to a healing
wound; thus, a setting has been created whereby a study of hormone
substrate interrelationships in wound healing in combination with the
effects on normal muscle can be made.

Stroma-free hemoglobin solutions (SFIIS) have been evaluated as a sub-
stitute for erythrocytes in isqlate4 perfused organ systems. These

solutions have been unable to maintain ,issue oxygenation at SFHS con-
centrations low enough to prevent hemuelobin precipitation in the per-
fusion apparatus.

STUDY NO. 2 Four rhesus monkeys (Macaca mulatta) were chaired to allow
continuous intravenouti infusion of nutrient solutions designed to re-
place the monkey's daily dietary regimen. Initial problems with cathe-
ter placement and dietary requirements were encountered; hence extensive
'ivestigations of caloric, protein, and micronutrient requirements of
chaired versus unrestrained sonkey3, and modifications of catheter
placement have become necessary. These problems were followed by the
development of severe pulmonary infections necessitating the abandon-
mant of this model. However, data derived from isolated liver perfu-
sions demonstrated a specific effect of carbohydrate to improve effi-
ciency of nitrogen utilization (which further supports the basic concept).
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STUDY NO. 3 A study is now underway to determine the optimal techniques
for central venous catheter dressing care. A specially designed dress-
ing tray that can be easily adapted to combat conditions is being
evaluated.

ADDENDUM. Tasks under the protocol "Studies in Combat Wound Healing"
(Project No. 3S762772A814, work unit No. 010, terminated 30 September
1977) of LTC Stuart Gourlay have been incorporated to prevent waste of
substantial supplies ordered prior to his departure. These studies
have demonstrated a possible role of essential fatty acids in drug
metabolism and an apparent role in membrane proliferation. In addition,
it has been found that the type of fat-free intravenous substrates
supplied affects essential fatty acid metabolism or distribution.
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BODY OF REPORT

WORK UNIT NO. 009 Metabolic Support Following Combat
Injury

STUDY NO. 1 Metabolic support following co.oct
injury

PROBLEM

Combat injuries present the most pronounced example of stress metabolism.

The response to this type of trauma is one of extreme catabolism which
often results in body compositional losses of over 1 kg (2.2 Ib) daily.
These compositional changes reflect losses of stored carbohydrate
(glycogen), triglycerides (subcutaneous fat), and muscle mass, which
are rapidly utilized for energy by the altered post-trauma metabolim.

Body fat is considered an efficient form of stored calories, and its
utilization for this end during periods of high caloric requirements,
is not generally considered detrimental. However, muscle is an impor-
tant structural element and, as a consequence, relatively small losses

of muscle -ass result in significant alterations in total body function.
With severe injury, the loss of body nitrogen is accelerated frow 3 to

5 g per day (the loss during times of simple starvation) to a range of
15 to 30 g per day for several days. The loss of nitrogen is reflected
by loss of muscle mass; therefore, with severe injury, the loss of

nitrogen represents 450 to 900 g lons of muscle mass. Caloric supply
during this period will spare body fat but is thought to have little
effect on loss of body nitrogcn. Loss of limb muscle mass leads to
marked weakness and Impaired mobility. Loss of intercostal and dia-

phragmatic muscle macs leads to inability to clear bronchial secretions
and may result in pneumonia and death.

The interrelationship between the general biochemistry of injury and
convalescence and the local changes of wound healing has not been
investigated in detail. It is known that early wound healing will
occur during a period of negative energy balance, i.e., general catabo-
lism. There is clearly a high biological priority of the wound in the
early days and weeks after injury. This favored biological priority,
,wever, is transient. One to two weekb following trauma, there is of

necessity a prolonged phase of protein synthesis and lipogenesi3 to
restore tissue mass to normal. At this point, if intake of foodstuffs
can be resumed, wound healing moves normally toward completion. If,
however, there is prclonged starvation and continued catabolism, the
wound must begin to compete with other tissues for substrate, and wound
healing begins to suffer severely.

The objective of this investigation is to develop a specific therapeutic

regimen for post-traumatic metabolic support that will fa-il~tate the

rate of wound healing while minimizing body compositional caarige. The
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steps necessary to accomplish this objective are as follows:
(1) investigation of the effect of the post-trauma hormonal milieu on
substrate utilization by normal muscle; (2) investigation of substrate
utilization by wounded muscle and the alterations in this utilization
by the post-traunut hormonal abnormalities; (3) design of a post-trauma

therapeutic r4gimen based on steps I and 2 that will maximize the rate
of wound healing while minimizing muscle compositional changes;
(4) investigation of this formia in traumatized dogs and nonhuman
primates; (5) inve, tigation of this formula in traumatized man; and
(6) modification o' this formulz aa necessary for feasibility of us"
inder combat conditions.

RESULTS ANtD DISCUSSION OF RESULTS

The first phase of thir st.Wj involved development of the experimental
model ta study muscle metalu|lism in situ. The isolated perfused rat
hindquarter technique was evaluated for viability and effect of insulin
on glucose clearance.

Tht second phase of this study involved the development of an isolated
p,. fused wounded rodent hindl imb model that would simulate both met&-
boically and histologically a healing combat injury. The objective
wai to replace as much muscle mass as possible with the wound without
interfering appreciably with blood flew. Three types of experimental
wounds were evaluated as to their effect on animal weight change fol-
louing wounding and gross anatomical replacement of muscle mass with
fibrous tissue. All three techniques produce4 an obvious it.flammatory
reaction. Although the .valon sponge and stainlL. steel wound chamber
techniques produ.ed a localized response, it was technically difficult
to place suffiLient numbers of these devices in the hindlimb because
placement o large numbers of these devices required removal of muscle
mass to the point ot vascular impairment. Carageenan injections, r c-
ever, allowed uniform distribution of the -ounding agent without vascu-
lar injury. Carrageenan injections caused marked weight loss which was
dose dependent and abcte.! with wound healing. Food consumption did not
appear to be impaired ,t thece animals. Histologically, the postwound
effects of carrageenai showed marked in.laimatory responses that slowly
progressed to fi;)rcsis.

Sinct substrate utilization in any perfuned system is dependent to a
,ignificant degree upon ptrfusate flow rate, it was necessary to dmon-
strate that tht thund did n.)t Inteffere with flow rate. Evidence indi-

t:. cates that the wound did not inrerfcre with the flow rate (1% carrave-
n L .'5iJ.2 iSX.) versus ci trol 9.94±0.1 al/ain and 1.5%
carrag.eunn 10.;'0.2 versus control 9.410.25 al/mn). No edema or

het:amu formatioi occurred during perfusion.

Preliainary perfusion data demonstrate a definite increse in glucose
I clearance by the wounded hindlimb in the abr- '¢e of insulin, from

0.775 al tin in a 5-day old wound to 1.349 al/min in a 14-day old
woun.,.
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CONCLUSIONS

Preliminary data indicate the feasibility of a perfused wound prepara-
tion that has the characteristics of (1) replacement of a major portion
of the hindlimb with a metabolically active wound, (2) no interference
with perfusate flow rate, (3) a significant injury to the animal. With
further development, this preparation should obviate many of the diffi-
culties encountered by other investigators in this area and llow
hormone-substrate interrelationships to be studied for the first time
with ease in a healing wound.

RECOtWN)AT IONS

1. The concentration of carrageenan should be altered slightly to
reduce the infla~matory response, thur proliferation of fibrous tissue
could occur more rapidly. This should allow the time sequence for
wound healing to approach the Intervals found by other investigations.

2. In vivo hormone-substrate interrelationships in these carrageenan
wounded anlumls should be characterizeds.

3. The flyw d!stribution in the perfuned wound preparation and the
substrate utilization by the preparation should be characterized.

4. After baseline determinations are made the experiments as originally

outlined under this project protocol should be initiated.

The third phase of this project involved the evaluation of a stroma-
free hemoglobin solution (SMdS) as a substitute for the standard
perfusate.

Carbohydrate metabolism is altered in metabol!cally active wounds so
that anaerobic metabolism with resultant lactate production is favored.
As a consequence, it will be necessary to separate lactate formation
from the isolated perfused wound model from that of the eryt rocytes of
the perfustate. One mcthod to obviate this problem would be to utilize
a cell-free oxygen-carrying source.

I)ue to the nurioer of animals required for these experiments, the pre-
vious experience in our department with electron microscopy of livers
from animals exchanged with SFHS and the greater technical ease of
liver perfusion, the iaolated perfused rat liver was chosen as a model
to evaluate SFiS as a substitute for the standard perfusate. Hepatic
concentrations of ATP, ADP, AMP, lactate, pyruvate, 8-hydroxybutyrate,
and acetoace.'ate were determined and combined with electron microscopy
to evaluate the ability of SFHlS to maintain adequate tissue oxygena-
tion. Prior to these experiments, the validity of the analyses were
evaluated by comparing alterations produced in the liver following
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2 %in of nitrogen inhalation versus inhalation of room air in pheno-
barbital anesthetized rats. Lactate/pyruvate concentration ratios,
ATP, ADP, and AMP concentrations, and adenylate energy charge corre-
lated well with tissue hypoxia.

Fotlowing this preliminary experiment, 24-h fasted rats were perfused
with standard techniques and the 8 perfusates (4 red blood cell perfu-
sates with varying hematocrits, 42X or 21%, and P5 0s, 28 or 13 mm Hg;
and 4 SF11S, 7. human and 7X bovine, and 14 human and 14% bovine
hemoglobin). Perfusate containing erythrocytes was superior to that
containing 7% SF11S (11-Hb 7%, B-Ub 7%) in its ability to maintain ade-
qtjate tissue oxygenation. These hiohemical data were supported by
electron microscopic evaluation which showed swollen mitochondria and
centrolobular cytoplasmic vacuolization, and necrotic changes consistent
with hypoxia in the 71 SHIS groups which were not seen in the other
groups. Although 14% SFRS (11-Hb 14%, 1-1ib 14%) appeared promising as
an oxygen carrier in the isolated liver perfusion system, it repeatedly
precipitated in the perfusion apparatus and rendered the solution in
its present useless for organ perfusion via our techniques.

CONCLUSIONS

Strc'aa-free hemoglobin solution does not appear to .e a viable substi-
tute for erythrocyte-containing perfusate for isolated organ perfusion
studies.

REC EN1DAT IONS

Erythrocyte-containing perfusi: .e must be used for isolated organ per-
fusions awaiting improvement in stroma-fri.'e hemoglobin solutions. Flow
through perfusions with radiolabc'ed glucose should be able to separate
wounded muscle lactate production from that of erythrocytes.

PUBL1CAT IONS

1. CALDW'ELL, M.D., W.W. LACY, and J.H. EXTON. Effects of adrenalectomy
on substrate utilization in muscle. J Biol Chem, in press.

STUDY WJO. 2 Effects of the ratio of carbohydrate
calories to protein supplied intra-
venously in minimizing body composi-
tional loss following combat injury

PROBLEM

Tissue catabolism followithg the stress of trauma, sepsis, and major
surgery is a common and well established phenomenon. The consequences
stemming from this catabolic strte are protean and include generalized
muscle wasting, impalred wound healing, and impalred imune response.
Deterioration in any of these critical factors compounds any clinical
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problem leading to further complications and potentiation of the cata-
bolie state.

The catabolic response to trauma with resultant changes in body compo-
sition is thought to bt secondary to a coaplex interrelationship be-
tween the post-trauma hormonal milieu and exogenous substrate supply.
In recent years, due to the advent of total parentersl nutrition, it
has become possible to reduce and in some cases reverse this catabolic
cycle by vigorous intravenous nutritional support. It has been pro-
posed that an optimal relationship exists between endogenous hormonal
flux and exogenous substrate provision that will minimize body compo-
sition-al change following trauma. This has yet to be determined. In

addition, when intravenous nutrition is used under combat conditions,
a decrease in the amount of intravenous pr',tein necessary for each
individual would result in substantial sav'ngs in transport space and
weight. The decrease in bulk will also facilitate our logistic capa-
bilities for providing this type of therapy.

RESULTS AND DISCUSSION OF RESULTS

The first phase of this study involved establishment of the experimental
model. This involved chronically maintained male rhesus monkeys with
indwelling central venous catheters. Two specific problems were en-
countered. (1) Available data regarding the nutrient requirements for
7 kg monkeys were found to be in error for chaired monkeys. When nu-
trients were supplied intravenously to meet reported requirements, the
monkeys uniformly lost 0.5 to 1.0 kg body weight and had a marked loss

of subcutaneous fat. (2) Broviac silastic catheters were placed in
the internal jugular vein and giided through a subcutaneous tunnel to

exit over the occipital region. This site of exit provoked chronic
head-shaking with chronic catheter-cutaneous junction irritation and
eventual catheter sepsis in 3 monieys.

As a consequence of the problems, a new method for cdicheter placement
was devised and a detailed study of nutrient intake in chaired monkeys
was completed. The latter study hss revealed that chaired monkeys

require a 75 to 802 increase in caloric intake to maintain stable body

weight and nitrogen equilibrium. As a consequence, naintenk-ace Intra-

venous nutrient solutions were uesigned for chaired monkeys to allow

progression of this protocol.

A neow complication was encountered shortly after the problems had been
obviated. The chaired monkeys appeared to be far more susceptible to
pulmonary infections. This resulted in the eventual loss of 2 more
chaired monkeys, and the other 2 were removed from their chairs to
salvage them. As a consequence of these severe problems in chronically
catheterized chaired monkeys, it was decided to investigate another
chronic model for these studies.
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In the interim, the effect of carbohydrate calories in protein meta-
bolism was evaluated by using the isolated perfused liver preparation,
where the addition of carbohydrate to the perfusate decteased ureas
production from amino acids at all concentrations of amino acids used.
This is apparently a specific effect of carbohydrate. Increased con-
centrations of triglycerides furnished to the liver did not affect urea
production from amino acids. The increased glucose production in these
latter experiments is apparently due to the glycerol contained in the
triglyceride emulsion (intralipid) used.

CONCLUSIONS

These data support the concept that elevated carbohy . " calorie/
nitrogen ratios in intravenous solutions should limit amino acid
mediated gluconeogenesis and improve efficiency of protein utilization.
If further experiments bear out these conclusions in wounded anials,
suppliegt necessary to provide metabolic support for combat wounded
individuals could be markedly decreased.

RECOMMENDAT IONS

1. Another chronic animal model for these studies is necessary; other
possible models should be evaluated as socn as possible.

2. These studies should be expanded to evaluate methods for improving
the efficiency of protein utilization following injury.

PUBLICATIONS

1. CALDWELL, M.D. Effect of altered calorie/nitrogen ratio on urea
production. (Abstract No. 988) Fed Proc 37:400, 197B.

STUDY NO. 3 Effect of surgical dressings and pro-
Ledures on skin bacteria surrounding
venous catheters

' PROBLEMt

In a recent report, the Center for Disease Control has suggested that
the incidence of infectious complications from central venous cathe-
cers is directly related to the type of skin preparation prior to cathe-
ter insertion, thi- type of catheter care following insertion, and the
duration of central venous catheterization. An additional factor is
the occurrence of simultaneous sepsis from other sources in the patient
(i.e., a patient with wound sepsis and concomitant bactereaia will have
s higher incidence of catheter sepsis due to the foreign body of the
catheter in this patiente blood stream).

The Department of Surgery, LAIR, has proposed guidelines for the opti-
ml care of central venous catheters. The rationale for some of the
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procedures stems from empirical knowledge, extrapolation of in vitro
studies, and an old body of published in vivo investigations. Their
particular procedures have not been prospectively examined from a
microbial and ecologic viewpoint. To date, the experience reveals a
0% incidence of central venous catheter induced sepsis In over 3,500
patient days. Although the guidelines are probably resnonsible in part
for the low incidence of nosocomial infections on the , ,rds, supportive
experimental data are lacking.

The Vietnam conflict saw the first wide-spread use of subclavian cathe-
terization techniques for rapid fluid administration and moaitoring of
central venous pressures. The use of the subclavian vein as an easily
accessible route for intravenous fluid administration and for central
venous pressure monitoring was stressed by the fact that a detailed
description of this technique was given in the NATO Handbook, Fmergency
War Surgery. In addition, Hardaway (NATO Handbook) reported that
supraclavicular puncture of a subclavian vein was a routine method for
administering intravenous fluids, obtaining venous blood samples, and
measuring central venous pressure in the Vietnam conflict.

The combat injured soldier is at a particularly high risk for the de-
velopment of a central venous catheter infectious complications for
the following reasons: (1) skin preparation prior to catheter inser-
tion is often inadequate due to time constraints; (2) since no orga-
nized method of central venous catheter care has been established for
the combat injured, it may be that care of the catheter entry site
and care of the intravenous line to prevent infection is absent; and
(3) the principal cause of postoperative death in combat injured indi-
viduals is sepsis. The combat wound is generally the origin of sepsis.
The presence of this invariably infected wound in a patient with a
chronically indwelling foreign body (catheter) in his venous system
significantly increases the chances of catheter-induced sepsis as well.

To highlight the concern over catheter sepsis under combat conditions,
the CINCPAC 5th War Conference Manual has recommended: (1) changing
central venous catheters every 48 to 72 hours, and (2) meticulous
iressing changes, to include defatting the skin and application of
antibiotic (NeosporinR) ointment. This approach increases the risk of
mechanical catheter complications (e.g., tension pneumothorax, hydro-
or hemothorax, subclavian arterial injury, brachial plexus injury) due
to repeated percutaneous subclavian catheterization. In addition,
NeosporinR ointment is not fungicidal, and in current practice of can-
tral venous catheter care, routine use of BetadineR rather than Neo-.
sporinR ointment is recommended. (There is recent evidence to suggest
that the manner of skin cleansing is more important than the type of
antibiotic ointment used.)

Therefore, studies to investigate a method of skin preparation that is
effective and can be p*rforned rapidly, in conjunction with studies to
evaluate types of dressing techniques for maintenance of central venous
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catheters should be extremely advantageous in preventing an acceler'ted
incidence of catheter-induced sepsis in combat injured soldiers.

The goals of this study are to optimize dressing care of central venous
catheters inserted under combat conditions: (1) to improve or modify
dressings and central venous catheter care and procedures which minimize
risk of infection; and (2) to design a simple kit for combat conditions
that will facilitate central venous catheter care.

RFSULTS AND DISCUSSION OF RESULTS

This protocol has been approved and has awaited the production of a
specially designed dressing care kit that can be easily adapted to field
use. To date, the experience with the proposed dressing care technique
has yielded a 0.331 catheter sepsis rate in over 6000 patient days.

CONCLUSIONS

A highly effective dress!ng care technique has been developed that pre-
vents catheter sepsis from chronically indwelling central venous lines.

.ECOM.NDAT IONS

None

ADDENDUM

PROBLEM

Work Unit No. 010, Project Noi. 3S762772A814, "Studies in Combat Wound
Healing," under the direction of LTC Stuart Gourlay was terminated at
the end of FY 76 because of the departure of the principal investigator.
Following LTC Gourlay's departLre, these studies (to investigate the
requirements for essential fatty acids in combat injured individuals)
were incorporated into our ongoing research to prevent waste of sub-
stantial supplies that hao ueen previously ordered. The co-investigator
has been assigned to LAIR during this subsequent period.

The need for essential fatty acids (EFA) has been recognized in animals
for a long time; without EFA, a syndrome characterized by caudal
necrosis of the tail, scaly skin lesions, impaired growth, renal de-
generation, and premature death develops. The occurrence of essential
fatty acid deficiency (EFAD) in humans has been documented only recently,
and the only clearly proven effect of EFAD in adult humans so far is a
characteristir scaly dermatopathy. Biochemical serum fatty acid pat-
ternb of EFAD predate the appearance of cutaneous lesions, and their
onset is markedly accelerated by severe trauma. 1here is evidence of
a significant delay in human wound healing with EFAD, but no studies
to define the role of EFA in wound healing have been undertaken,
although the importance of EFA in maintenance of plahma membrane
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integrity suggests that EFAD may interfere with fibroplasla. Delivery
of adequate EFA to prevent EFAD Li combat casualties in forward hospi-
tals may be necessary if EFAD s~gnificantly retards the rate of healing.

RESULTS AND DISCUSSION OF RESULTS

Two specific experiments were undertaken: (1) evaluation of the effect
of essential fatty acid deficiency on membrane formation and ability to
metabolize injected medications; (2) effect of the intravenous supply
of various substrates on EFA mobilization and utilization.

Experiment 1. Essential fatty acid deficiency markedly alters the
biochemical composition of all membranes. It has been postulated that
these biochemical alterations would interfere with membrane function
and possibly membrane synthesis. This should become extremely impor-
tant for membrane repair following tissue injury and may account for
the delayed wound healing found in EFAI) animals. Initial experiments
to evaluate the role of EFA in membrane synthesis involved the adminis-
tration of phenobarbital (which stimulates microsomal membrane synthesis)
to EFAD and rat chow fed animals. It was found that the EFAD animals
did not have the normal smooth endoplasmic reticulum proliferation in
response to phenobarbital injection. As a consequence, studies are
underway to evaluate the eftect of EFAD on mixed function oxidoses.
These studies should give an indication of the role of EFA supply on
an animal's ability to metabolize various medications.

Experiment 2. It has been sugg-.sted that an alteration in fat-free
intravenous substrate supply can markedly change the requirements for
essential fatty acids. As a consequence, EFAD, EFAD + linoleic acid
supplement to meet requirement, and chow-fed control animals were
placed on fat-free intravenous regimens. Data seem to indicate a
&.irked difference in EFA metabolism; this difference probably occurs
at t:- titsue level. That possibility is being Investigated.

CONCLUSIONS

Essential fatty acid deficiency influences the composition of micro-
somal membranes. The supply of fat-free substrates administered
intravenously ;;:aars to affect metabolism or distribution of essen-
tial fatty acids.

RECOMQMDAT IONS

These investigations should be continued as outlined, and the studies
incorporated under this work unit.

PUBLICATIONS

None
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ABSTRACT

PROJECT NO. 3S762772A814 Military Trauma and Resuscitation

WORK UNIT NO. Oil Problems in Abdominal Trauma

The following investigations have been conducted under this work unit:

STUDY NO. I The short bowel syndrome

Extensive gunshot and missile wounds to the abdomen often necessitate
m ssive resection of the small intestine. If an insufficient functional
absorptive area (less than 25%) remains, severe postoperative complica-
tions, including death, result. Previous experiments under this work
unit attempted to convert segments of mucosa-denuded colon into small
intestine. Colonic segments (10 cm long) were stripped of mucosa and
then treated with collagenase, glitera ldehyde, ischetia, hyaluronidase,
bile salts, or no treatment. The segments were removed 6 months to
one year later, and morphologic studies of the endot, li.i lining were
performed. Growth at the anastomusis was small bow., e, helium; ho-
ever, the majority of the colonic segment itself was covered with
residual colonic Lells. Studies have been initiated in which artifi-
cial conduits are used 0~ small bowel as a site for possible growth of
small bowel mucosa.
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BODY OF REPORT

WORK UNIT NO. Oil Problems in Abdominal Trauma

STUDY NO. I The short bowel syndrome

PROBLEM

Severe compi icat ions occur after removing large lengths of small intes-
tine because of gunshot or shrapnel wounds. The primary defect is an
inadequ.ite length of absorptive mucosa to provide enough nutrient mate-
rial to allow healing or to sustain health. A potential solution to
this problem involves increasing the small bowel surface area.

RESULTS AN) DISCC'tSlON OF RESULTS

Six mongrel dogs underwei.t mobilization of a 10 cm segment of colon
wtth an intact vascular supply. The mucosa was removed by blunt dis-
section. One of the colonic segments had no treatment. The other
segments were treated in one of the following ways: with one hour of
ischemia, or with hyaluronidase, gluteraldehyde, collagenase, or bile
salts. Colonic continuity was restored with a double layer anastomosis;
the mobilized colonic segment was placed in cont 'uity with the small
bowel in the ileum. The segments were removed at timed intervals from
6 months to 12 months later, and worpholoetc studies were performed.
The epithelium near the anastomosis was small bowel j.cosa; the next
centimeter of epitheliwu. was a mixture of small bowel and colonic
mucosa; and the remainder of the colonic segtnt was covered with
mucosa that could not be different.ated from colonic. These observa-ttons are significantly different from those reported in the literature.

CONCLUS IONS

Coltn segments are not reasonable substitutes for extending the length
of small bowel absorptive surface aftet massive resection.

RF CO(M.NI)AT I ONS

Stv.dies are now in progress to evaluate the growth of small bowel epi-
thelium on artificial conduits placed in continuity with small bowel.
If these artificial conduits can be covered internally with mucosa, the
ability of this neomucosa to transport nutrient material will be evalu-
ated. Additional studies should be conducted which will test the effect
of massive small bowel resection on the rate of growth of small bowel
wucosa in those artificial conduits.

PUBLICATIONS

None
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techniques must be 7hiloi~l evaluated to insure theit ability to support tissue
ftmctllon. Thr objective of this work unit is to develop an appropriate subprimate
model which will permit total extracorporeal circulation and precise measurements of
ventricular henodynamic and metabolic function. Thif model has been used to investigate
the importance of Pulsatile flou. and to tcst the effect ivcne.s -31f newly developed blood
substitutes and blood having altered oxyhemoglobin dissociatcn characteristics.
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analyze copious data thus far accumulated.
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ABSTRACT

PROJECT NO. 3S762772A814 Military Trauma and Resuscitation

WORK UNIT NO. 012 Studies in Pulsatile Extracorporeal

Circulation

The followitig investigation is being conducted under this work unit:

STUDY NO. 2 The effect of variation in the oxyhertglobin
dissociation curve on left ventricular function
in swine

STUDY NO. 2 The relationships between preservation of myocardial per-
formance and the oxyhemoglobin dissociation curve of priming solutions
have been investigated in the isolated swine tieart preparation described

in previous reports. These studies were designec to determine whether

or not the P50 of resuscitation fluids, including whole blood, is a

significant determinant of recovery from hemorrhagic shock secondary to

massive combat wounds. Completed studies have itdicated that variations

in P5 0 have a significant effect on left ventric lar function at normal
arterial oxygen tensions and hemoglobin concentrations. These findings

contrast with the findings of preliminary studies which were reported

last year. In further work, sonx of which is nearing completion, we

are attempting t, dtormine whether or not changes in the oxyhemoglobin

dissociation curve are important in preserving heart performance during

situations which mimic those seen in1 combat injury, e.g., hypoxia, hypo-
vo lmid , and/o r alemi a.
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BODY OF REPORT

WORK UNIT NO. 012 Studies In Pulsatile Extracorporeal

Circulat ion

STUDY NO. The effect of variation in the oxy-
hemoglobin dissociation curve on
left ventricular function in swine

PROBMEM

Recently, with the understanding that the oxyhemoglobin dissociation

curve is affected by concentrat ions of 2,3-DP; and that stored blood

has a low 2,3-DPG level, there has been concern that massive transfu-
sions with blood which has been stored for prolonged periods may have
a detrimental effect on oxygen delivery to critical tissues. Myocardial
function is intimatelv tied to adequate oxygen transport which, if less
than optin.-mil, may depress heart performance in the combat injured sol-
dier. Som studies have suggested that there is a relationship between
Ps0 and left ventricular performance. If an adequate P5 0 is crucial to

preserving heart performance during periods -f combat inlttry, Lhen aged
blood with a lie '50 and low 2,3-DP(; rmty have limited usefulness, and
fresh blood or blood with enriched 2,3-DPC must be made available. If
P C is not a major determinant of left ventricular function, aged blood
could be employed, especially duriny couiat situations which would re-
quire massive transfusions and maximal utilization of blood bank resources.

RES1'LTS AN) DISCUSSION OF RESULTS

Our in situ perfused swine heart model has been used for this study.
LefL ventricular function and mtabolic responses have been evaluated
and, in addition, r-ocardlal tissue P0 and PCO- have been directly
measured with a medical tnss spectrometer.

This study is a secondary stage, following the establishment of an in

vitro capability for enriching or depleting 2,3-DPG and subsequently

altering the oxyhemoflobin dissociation curve and the measured P5 0 .
T,, technique of performing an exct ange transfusion during cardiopul-
monary by-pass has now been i.-ll-e.,tablished. Preliminary results re-

ported last year indicated that with a normal hematocrit and arterial

oxygen tension, 1'50 changes in the range of 24-50 torr dd not directly

affect heart performance. although myocardial oxygen extraction was
higher with the higher Ps0.

Two phases of this scudy have been completed. The initial attempts to

evaluate the effect of P50 changes on myocardial function and metabo-

lism have demonstrated that a decrease in P5 0 decreases myocardial per-

formance. When this initial group of 10 animals was examined, a de-

crease in P50 was associated with decreases in both stroke volume and

oxygen extraction across the myocardium. These findings are in contrast
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to the results of prellminary 'ttudics wt.ich were reported iast year, in
which ic appeared that with Pormoxia and a nntmal hemoglobin concentra-
tion P50 had little or no effect on myacar&iAl performance. The second
phase, just nearing completion and not yet completely ana.yzed,. seems
to indicate that with a decrease in te hemoglobin corcentratio., there
may possibly be mn even greater decrease in left ventricular functi.on
with 2,3-DPG depletion and a lowered P50 .

CONCLI. OeS

Our basic conclution at this stage is that P50 is indeed an important
determinant of left ventricular fkunction, and that this effect is

apparent even at a normal hemoglobin concentration and during normoxia.
The second phase lae entering completion may niso icad us to the con-
clusion that this effect is possibly augmented when the hemoglobin con-
centration is decreased, as would be the Lase in an acutely injured

soldier. The crucial quesLtion of the role of oxyhemoglobin dissociation
curve changes in other abnormal hemodynamic situations, such as hypoxia
and hypotension, that might be encountered in a combat injury situation
has not been adequately addressed in this study and will require addi-
tional work beiore conclusions can be reached.

RECOMM.NDAT IONS

The quettion of the role of P50 changes in blood and oxygen transporting
resuscitation fluids should be addressed because oxygen transport is
critical in providing optimal resuscitation for soldiers injured in
combat. Our initial results indicate that, even during normoxia and
adequate arterial blood pressure and oxygen tensions, P50 is a factor

in determining left ventricular function and that care should be used
when administering blood with low 2,3-DPG concentrations during resus-
citation if massive transfusions are needed; therefore, further work in
this field is needed. At present there are no immediate plans for con-
tinuation of this project beyond its present expiration (after the
departure of the primary investigator). Recommendat-ions at this stage
include the publication of detailed manuscripts representing investi-
gations performed trder this work unit. These publications will be
written by the departing principal investigator. Material from these
studies should prove valuable in the Army's attempt to determine the

propet significance of preserving 2,3-DPG concentration levels in blood
for transfusion iu combat situations.
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ABSTRACT

PROJECT NO. 33762772A814 Military Trauma and Resuscitation

WORK UNIT NO. 013 Effect of Blood Oxygen Affinity During
Fxperi ental Heraortnagic Shock and
Hypoxemia

Tests have been pe'formcw to validat, a gas-dilution method for measur-
ing oxygen consumption (Vo2), carbon dioxide production (Vco ), and
respiratory quotient (R.Q.) in humans. This approach sloplifies the
equipment requirements for making these observations and appears to
give results at least as good as thoHe using more elaborate methods.
The intravarcular retention and the P,0 of stroma-free hemoglobin must
be increased before thie product can he considered an effective blood
substitute. Theoretically, these requirements can be met, in part, by
modification of the dissociation of tetramer hemoglobin into dimers.
Erythrocytes having high oxygan affinity produced a decreased myocardial
function in swine but sustained metabolism of pcrfused rat liver as
well as erythrocytes with r.cinal oxygen affinity.

Iii
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BODY OF REPORT

WORK UNIT NO. 013 Effect of Blood-Oxygen Affinity Juring

Experimental Hemorrhage Shock and

Hypoxemia

PROBLEM

A continuous supply of oxygen is a major requirement for maintenance

of vital functions in man and animals. Compared to food and/or water

deprivation, which may be tolerated in man for prolonged periods, oxy-

gen deprivation can be fatal in minutes. Although some tissues with-

stand the effects of oxygen deprivation better than others, the body

as a whole tolerates a deficit oxygen economy only to the extent that

it can activate a variety of compensatory mechanisms designed to sus-

tain the minimum metabolic needs of the tissues during emergencies.

Trauma associated with bleeding produces an imeediate threat to the

oxygen economy of the body, and the effectiveness of compensatory

adjustments designed to cope with this situation is a decisive factor

in the clinical consequences of such trauma. Apart from the potenti-

ally lethal effects of oxygen deprivation, tissue hypoxic episodes can

lead to permanent functional damage and prolong recovery from the basic

injury.

The occurrence of trauma and hemorrhage in a remote and hostile battle-

field setting presents several unique problems not ordinarily encoun-

tered. Loss of consciousness, for instance, is sometimes considered

to be beneficial after trauma because it tends to place the body in a

horizontal position favoring cardiac output and maintenance of circu-

lation to the brain. Such a response may be hazardous even under

normal circumstances, but its occurrence under battle conditions defi-

nitely jeopardizes the individual's already precarious safety and his

potential for self-preservation. Hedical asnistance, furthermore, may

be delayed by the exigencies of warfare, thus extending the stress

upon compensatory reserves. Finally, blood replacement therapy, once

a'.ailable, may be compromised by the quality of blood products avail-

able in forward areas. Either separately or in combination, these

factors make it significantly more difficult for the military physician

to normalize the oxygen economy prior to permanent functional damage
or in time to prevent prolonged recovery times from the basic injury.

Thus, there are unique circumstancei justifying the military need to

understand the complex compensatory mechanism that sustain the oxygen

economy of the body. The objective of this work unit is to evaluate

the oxygen transport function of blood and resuscitative oolutions,

particularly with reference to the role of hesoglobin-oxygen affinity

in modifying the compensatory reserves of combat personnel to trauma
and environmental stress.
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RESULTS AND DISCUSSION OF RESULTS

The estimation of total body V0 2, OCO 2 , and R.Q. can provide valuable
information concerning both the experimental study and the clinical
treatment of combat trauma. Unfortunately, there are many circum-
stances in which the usual clinical mathods for making these estimates
are awkward or impractical to use, and potential opportunities for
improving the medical care and understanding of trauma and wound heal-
ing are often forfeited. The usual approach to making these measure,
ments involves measuri:tg the volume, composition, temperature, and pres-
sure of respired gases. Such measurements are relatively simple, as
well as noninvasive, and during steady-state conditions these respira-
tory values will reflect overall body metabolis.

A common method for obtaining these gas exchange values utilizes the
open circuit technique in which the subject inspires air through a
breathing valve that permits the separation and collection of expired
gas into a large Tissot spirometer or Douglas gas collection bag for a
measured time interval. Because they are large, water-filled devicee,
Tissot spirometers require considerable effort to transport, set %p,
and calibrate. Better mobility can be realized by use of the Dougias
bag, but a separate means of making volume determinations with some
form of gas meter is required. Many commonly used gas meters do not
accurately measure small volumes of gas, and fairly large expired gas
collections must be obtained in order to secure suitable accuracy.

Techniques for measuring gas composition have been greatly simplified
and improved in recent years. Relatively compact rugged instruments
are available that are easy to transport and calibrate. To take advan-
tage of this improved technology, a technique wa& improvised that made
use of composition measurements to obtain estimates of volume; direct
volume measurement of the collected and expired gas using this approach
is not necessary and the drawbacks described above are avoided.

In essence, this method makes use of either a standard dilution or
enrichment of one of the measured gases (for instnnce, oxygen) to esti-
mate the original volume of expired gas. This is accomplished by first
measuring the composition of oxygen and carbon dioxide in the mixed
original volume of expired gas, adding a known preset amount of oxygen
or nitrogen, and repeating the estimation of oxygen in the enriched or
diluted expired mixture. In its least complex form, the mathematical
expression for determining the unknown expired volume (Vx) after dilu-
tion with a known aount of nitrogen (Vk) is:

Pb Vx a Pa(Vx + Vk)

and Vx W a_'k
Pb "Pa
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where Pb is the vartial pressure of oxygen in the expired mixture be-
fore dilution and Pa is the partial pressure after dilution. Vx is
reduced to standard conditions in the usual manner. In the laboratory
evaluation of this procedure, use has been made of a large syringe for
introducing the diluting or enriching gas into the expired mixture. A
preterred embodiment for this purpose, however, would incorporate a
small pressured cannister containing a known amount of gas. The con-
tents of the cannister would be released into the collected expired
gas and the volume (Vk) at ambient teraperature and pressure would be
estimated from Boyle's law. Cannisters of the type required are widely
available commercially and should pose no problems from the standpoint
of size, weight, or rost. Filling these cannisters with a known amount
of gas is a fairly simple manufactt:rtng process, and storage for long
periods without ignificant alteration or leakage is feasible.

Using this approach on 2 human subjects, we have demonstrated the
general feasibility and con,,enience of the method. Expected values for
expired volume, VO2, VC02 , and R.Q. are realized. The measurements can
oe obtained hy using fairly short collection periods and small expired
volumes. Direct comparison with conventional techniques of the esti-
mates made with the method are presently in progress.

Simplification of the equipment and procedural requirements are the
primary advantages of this approach. Only gas composition analysis is
required rather than gas composition and volume measuremerncs as with
more conventional techniques.

Further analysis of oxygen transporz with stroma-free hemoglobin solu-
tion )as emph.asized the fact, previously reported, that significant
improvement in tissue oxygen transport (compared with asanguin-ous
solutions) is obtained with stroma-free hemoglobin sclution (SFHS) only
under extenuating circumstances (i.e., with hematocrits of 10% or
below), primarily because of the high oxygen affinity of this product.
Available information indicates that only a few emergency resuscitation
cases require the large volumes of fluid necesiary to decrease hemato-
crits to this level, and thus realize an oxygen transport advantage
with SFHS. Because of the ability of the organism to withstand hemo-
dilution, failure to supply additional oxygen transport with quantities
of SFHS smaller than those producing a 10% hematocrit usy be assumed to
be immaterial. The use of SF1S would at least provide protection where
the required emergency transfusion necessitated more extreme hemodilu-
tion. However, current evidence indicates that SFHS in ito present
form is not an effective volume replacement fluid, regardless of the
merits of its oxygen carrying potential. A relatively rapid loss of SF4S
from the vascular space has been observed when this p'oduct is transfused.
This loss is associated with diuresis, reduced blood volume, and lowered
cardiac output, responses that are obviously inconsistent with there-
peutic objectives following hemorrhage. Both of these deficiencies
(of tissue oxygen transport and intravascular retention) appear to be
related in large measure to the breakdown of the tetramer form of
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hemoglobitt to diers, the latter being able to cross the capillary
barrier. Thus, the use of SFHS as a blood substitute appears to deper.d
on preventing or decreasing this molecular dissociation. Future re-

search in this area should emphasize Lhi goal.

During experiments in whicn rat livers were perfused with SFHS, the
metabolic function of these preparations was not sustained at ncrmal
levels (compared with erythrocyte-cont.ining perfusates) when SF4; con-

centrations of 7 g/dl were used. A 14 g/dl solution of SFHS did, how-
ever, maintain liver metabolism, as reflected by the cellular level of
high energy organic phosphates, almost as well as erythrocyte-containilng
perfusates. At h,.gh hemoglobin concentrations, the tendency of tetra-
imers to dissociate is suppressed, although it is not clear whether or
not such suppression piayed a decisive role in the outcome of these
expariments. The oncotic pressure of a 14 g/dl solution of hemoglobin
is much higher than norinel plasma, and in vivo uuch a solution would
rapidly sequester large quantities of extravascular fluid, diluting
the hemoglobin concentration in the process. This diluting effect was
not observed in the liver perfusion studies, probably because of the
large perfusate to tistue volume ratio.

In contrast to the hemoglobin concentration effect, the oxygen affinity

of the perfusate appeared to have little influence on the maintenance
of high energy organic phosphates In rat livers. This was Zrue with
both erythrocytes and SFHS. Oxygen consumption, however, was main-
tained more vigorously at reduced total oxygen delivery wiLh bovine
SFS than with human SFHS. Bovine SFHS has a reduced oxygen affinity
(increased P50 ) compared to human SFHS.

With the use of the swine cardiopulmonary by-pass model, we fouvd that
ayocardial function was depressed when aged erythrocytes with high oxy-
gen affinity were substituted for fresh erythrocytes having notual
affinity. This affect might be attributable to changea in red cell
deiormability and blood vi.cosity, however, ag these iatter properties
hava been observed (see Work Unl.t No. 007) to change radically with

erythrocyte age. Further investigation is necessary to reconcile the
disparate conclusions regarding, oxygen affinity that are obtained from
the liver and cardiopulmonary by-pass experiments. Conceivably, the
circulation in the working heart is more responsive to change in the
rheological properties of blood than is the perfused liver. The de-
pressed myocardial fun-tion is an expression of this responsiveness
rather than of increased oxygcn affinity.

CONCLUSIONS

With the use of a gas dilution or enrichment method for measuring ex-
pired gas volumes, it is possible to avoid some of the .,obles" related

to estimation of *E, VO2 , VCO, and R.Q., particularly in cases req*Ar-
tnE a greater degree of flexibility and mobility than is noruklly
afforded by conventional mans.
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In its current form, SFHS has some undesirable physiologic effects that

limit its usefulness as a blood substitute. The fundamental cause of

these effects appears to be grounded in the propensity of the hemoglo-

bin tetramer molecule to dissociate into dimers with subsequent loss

from the vascular space.

Experiments to date have not convincingly categorized the physiologic

or clinical significance of changes in oxygen affinity. Purported

effects of oxygen affinity, as obtained by using blood aged to increase

oxygen affinity, could be caused by changes in red cell deformability

and blood viscosity. Bovine SFHS (with its lower oxygen affinity) sup-

ports oxygen consumption in liver better than human SFHS when total

oxygen deliverv is limited (for instance, in anemia, shock, and other

low perfusion states), but this apparent advantage is not obvious with

regard to tissue high energy organic phosphates. Human SFHS, however,

has an extraordinarily high oxygen affinity and reaches values not

normally encountered in vivo.

RECOMIENDAT IONS

I. Vvalues obtained with the gas dilution or enrichment method should

be directly compared with conventional techniques.

2. Research with SFS should be mainlv directed toward achieving a

hemoglobin tetramer molecule less subject to dissociation into dimers.

3. More precise information is needed to distinguish between the pos-

sible effects of hemoglobin-oxygen affinity and red cell deformability.
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ABSTRACT

PRUJ.CT NO. 3S762772A814 Military Trauma and Resuscitation

WO1,K "NIT NO. 014 Care of the Combat-Injured Eye

The following investigation has been conducted under this work unit:

STUDY NO. 2 Dark adaptometer prototype

STUDY .MO. 2 A prototype screening dark adaptometer has been

develooed and tested. This device allows dark vision testing without

t1,e labor commitment cf technic.an- required by other systems. Results
of tes:ing indicate that retinal sensitivity threshold responses of

normal subjects are distributed in a Gaussian fashion with a large

standard deviation. Titus, thc:e is a 10-fold difference in light sen-

sitivities within the central 95% of the population. Twzo and a half

percent of the population have either exzremely good or extremely poor

night vision. The .evice successfully separates degrees of normdlcy,

separates out malingerers from those with organic problem, and allows

identification of those individuals with disease processes which arfect

nighz vision. The patenting process is undc,-way and a prototype field

device Is near completior. This device is to be used in screening
aviation p~rsonnel and combat troops and for evaluating the ocular

effects of chronic exposure to low level coherent light sources.

I3
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BODY OF f'Fr.

W Y's, UNIT NO. 014 .tre -if tht, Combat. InjurQd Eye

ST10Y NO. 2 a,. -d pttimeter prototype

PR,'3L.EM

Th.- U.S. Army has r.) e fic,.et,. means cf s,:ruLnin E tHi n:ight vis%4:Nn of
corhatants, even though i,,.viisie ard sa,tained c',''t may occLr dur-
ira, nighttiteo. . ', ! -Azn data' £,dlcatcs thaz cn. an CVercast
nJlht before v.oonrts., 0. o' otmal, fui!:, cark a,!apd zround forces
ci,Ait s !yth trg wite..':,ternai1 sourcl!,. of l .uzn ,':. r or Clec-
L,.ic ght vlsios, aids There is a portio" .-: the rrn,'. -... ion
(2 Z) wito v.rv r.a.ve a1h , son whe car. func.,.n dequately
urcer the same &itrllet light z.,Jt!ons wj."l- only p.tal eark adapta,

tL n. A need CxiLa* z ;c:..*. .e .t',- 'jr ,ritical ;aiiitary tasks
iL order to asazn those indi,;idvLb %irtn ,,...rior n!sht vision and to

protect those with pont' ,!1tht %-'" ,on so that they t.ay perform optimally
in effoit to accompi.;; .*-..7 mi:ti -. Ai . :. !n addition, those
with. poor night vision :.va jeopardize essent ia n4ght missions because
of their inability to see at night ano bee.,se -zf their inability to
comply w'th the discipline reqd1red for maintenance of the dark-adapted
state.

RESULTS AND DISCUSSION 0F RESUI.TS

A prototype, laboratory model, dark adaptometer has been developed

which uses light emitting diodes (LED) as the stimulus source. The

apparent intensity of emitted light is controlled by varying the duty
cycle of the LED ,y a ,A rtr.' t- ~ir display of the
dark adaptation :urve is achieved on either a cathode ray tube or on
an X-Y recorde, for permanent record,. No technician time is required
during the tes'ing period since the test subject signals the computer
when tlhe threshAd stimulus is seen; thim with a battery of adapto-
meters, one technician could screets 100 subjects daily. Both rod and

cone function are zested during the same session by alternating stimuli

of deep red LEV (for cones) and green LED (for rod function).

Appropriate humwn use comimittee approvai was granted and a normative

data base was .bt3(i.ed from volunteers. Additional data were obtained
from subjects with known or suspected organic problems or because of
documented poor performance during nocturnal military exercises; this

group of subjects was refrred by various military ophthalmologists.

The LED dark adaptometer yields population data with a distribution
identicAl to that of the cl.issic, labor-intensive adeptometers at energy

levels identictI to those reported by others in the literature. Within
the population of 60 volunteers, two individuals were discovered who

had tsuspected congenital stationary night blindness. The diagnosis

was confirmed by electroretinography. Thus, this disease entity may be
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more prevalent in the milUary population than was previously suspected.
T. he study of physician-referred subjects documents the fact that LED
adaptometry can distinguish those individuals with disease processes
affecting night vision. Furthermore, it can distinguish those indi-
viduals who are malingering from those with genuine organic problems.

COxINSIONS

The results from the laboratory prototype device are extremely promis-
ing, and a prototype field device is nearing completion. Plans have
been developed for joint laboratory cooperation to dewlop and test the
device further.

RECOtIENDAT IONS

The development and testing of an inexpensive reliable screening dark
adaptometer for military selection should be continued. The project
should be given the highest priority, au requested from the Surgeon
General by TRADOC.

PUBLICATIONS

"one. open pt.b!icatItn ha- tecn constrained until the patent applica-
tion process has been ia-'lUted. Th pr.,Ject was -,resented as a paper
to military ophthalmologists at the 1978 alter Reed Biannual Course
in Ophthalmology and as a poster session at the 1978 AGARD-NATO meeting.
Reaction by the uniformed forces to these presentations was fevorable.
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ABSTRACT

PROJECT NO. 3S762772A814 Military Trauma and Resuscitation

WORK UNIT NO. 015 Animal Models for Surgical Repair

of Musculoskeletal Structures

The following investigations have been conducted under this work unit:

STUDY NO. I Nervv repair In cats: grafts vs tension

STUDY NO. 2 Dig3Zal extensor tendon repairs in monkeys

STUDY NO. 2 Study of autogenous graft techniques to restore

musc'e functions after traumatic injury

STUDY NO. I The ulnar nerve. of the domestic cat was used as a model
for repair of lacerated peripheral nerves. Sixteen cats underwent bi-
lateral ulnar neurorrhaphy after a 2 cm segment of the nerve was re-
moved. By using microsurgical methods, one side was repaired by an

epineurial technique under tension, and the other side was repaired by
using multiple aural nerve grafts. All cats were evaluated for return
of functi n 6 tKnths following nerve repairs. There was no statistical
Jifference between ti.cse 2 techniques in overcoming segmental nerve de-
fects in cats, which suggests that moderate tension is neither worse,
oor be:ter, than inserting avascular grafts. The results of either
technique were not as good as those seen with End-to-end repair of a

nerve when no segment existed. The rate and morphometric pattern of
~~1 e . x4;ined by sec;-,riti:1 b!opn-s of the uln'%r

nerves of rhesus monkeys at weekly intervals following neurorrhaphy.

STUDY HO. 2 Twenty-four adolescent and three skeletally mature rhesus
monkeys underwent comon digital extensor tendon transection and repair
in the mid-metacarpal region of the index and little fingers. Regard-
less of the period or method of inmobtlitztion, tenodests occurred in
none of the repaired tendons. Consequently, it has not been possible
to determine the optimal period of imnobilization when this animal
model is used. Regardless of the period of immobilization, tensile
strength did not start to increase appreciably until the 21st postopera-

tive day. An excellent histologic study of the healing processes of
repaired Pxtensor tendons has now been completed.

STUDY NO. 3 Several methods were used to autotransplant and free-
graft partial or entire akeletal muscles in cats. Electromyographic

studies and later histologic studies uere completed on the grafted
muscles. Regardless of the method used, no successful technique was
found to maintain viability of the grafted muscles. This study has

been terminated.
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WORK UNIT NO. 015 Animal Models for Surgical Repair
of Musculoskaletal Structures

STUDY No. I Nerve repair in cats: grafts vs
tension

PROBLEM

Peripheral nerve injuries orn coi E- -Ai both combat and noncombaL
military accidents. Many of the ,ar injuries from the Vietnam conflict
included severe damage to the peri.heral nerves of the upper and lower
extremiries. During one 24-month period, 54% of all casualties in
military hospitals had such injuries, Although our technical capabili-
ties in the surgical repair of peripheral nerves have progressed greatly
during the last several years, we still do not have a good method of
managing segmental nerve defects. Tension at the repair site is con-
sidered detriawntal to nerve regeneration and healing. Consequently,
the use ot a multiple nerve graft has been advocated. Problelti of
repairing a nerve under tension, where joints must be flexed, nerves
must be moilized, and vascularity is diminished, are not completely
overcome by the use oi multiple nerve grafting procedures in which an
avascular unmatched segment is ued to bridge the defect and relieve
tens ion. Intrafascicular grafting not only results in the interposi-
tion of an avascular segment which loses all endoneurial elements and
structure, but titis technique also requires 2 separate neurorrhaphies
which regcner.;ting neurites must cross. We know of no evaluation
comparing nerve repairs with tension to those reurorrh..phica whici, ha-
been done with the u e of multiple grafts. This study critically com-
pares, by objective evaluation, epineurial end-to-end repairs with
tension to interfascicular grafts cqr-,e without tension folloring loss
of a nerve .,egmtnt.

RESULTS AN) fISCCSSION OF RKSULTS

We have previously described an experimental model for peripheral nerve
repair by using both ulnar nerves of domestic cat-4. In the present
stody, 16 house cats underwent bilateral resection of a 2 cm length of
the ulnar nerve proximal to the medial humoral epicondyle. One nerve
was suturcd under tension with size 8-0 nylon by using an epineurial
technique. The other nerve was repaired by using a multiple caudal
cutaneous sural giaft that uliminated all tension at both sutu:re lires,
Size 10-0 nylon was used to suture the grafts. icrosurgical technique
was used for all nerve repairs. Sir. mxnths after the nerve sutures,
catA were evaluated for comparison of return of function. Subjective
evaJuation included observation of gait, ability to fan claws (intrinsic
function), and withdrawal from pin prick (sensation). Objective evalu.-
ation incladed efficiency and maxisum strength of the ulnar innervated
flexor muscles, veight of the flexor carpi ulnarit muscle, and regrowth
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of myelinated nerie fibers by total axon counts proxi al and distal to
the repairs.

Evaluations have been completed and statistically walyzed. There was
no statistical difference between these 2 techniques in overcoming seg-
mental nerve defects !xi cats; these findingti suogest that moderate ten-
sion is no worse, nor better, than inserti.g avascuiar grafts, When
compared to an initial study where nerves were repaired primarily with-
our tension, it was found ti, t all animrals with segnental defects had
less return of function than iho'e animals which ha. no segmental. de-
fect hut merely ais acute laceration and end-to-en'l repair. To deteraine
the rate and mrphomtric pattern of axt,. regrowth follos'ing nerve
laczration and rzpat:, the ulnar nerves of 6 rhesus raonk'2ys were severed
and repaired primarily. At one-week intervals beginnIng 7 days after
the neurorrhaphies, the nerves were bLopsied and prepared for light and
electron microscopic examination. Analysis of these sections Las just
begun, but it appears that neurite sprouting occurs almost immediately
with little lag time after transection and repair. These histologic
examinations will continue in great detail as the biopsy material is
available.

gONCLUS IONS

Although we do not yet have a satisfactory answer to the management of
segmental defects of peripheral nerves, we have demor ttrated that
twervez; repaiced ,wthout tension, when compared to those nerves with
segmental defects, have a greater return of function. We now also have

preliminary information Indicating that neurite sprouting occurs almost
immediately after transection and repair. From these findings we con-
clude that the most ideal nerve repair is one performed as soon as pos-
ittble after the injury without tension, without grafts, with atrauatic

technique, and with appropriate alignment of the fscicular nerve ends.

R?:COMMEND)AT IONS

The final portion of this study should 'be continued to determine in
greater detail the progressive ultrastructural changes which occur
following peripheral nerve transection and repair.

PUBLICATIONS

None

STUDY NO. 2 Digital extensor tendon repairs in
monkeys

PROBLEM

Study of tendon injuries and their repair has centered around flexor
tendons. Lack of attention to extensor tendon injuries may be
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attributed to the fact that extensor tendons are the positioners of the
Wa.d and fingers, and they are the muscles which allow the flexors to
perform the pr:-ary functions of pinch, grasp, and hook. C ,nsequently,
there is a paucity r' published data regarding healing of e tensor ten-
dons, even though extensor tendon injuries are common in both combat
and noncombat situations. When dealing with a clean, sharp transection
of an extensor tendon, it is general practice to reapproximate the
severed ends surgically and immobilize the injured part during healing.
The optimal duration of immobilization, however, is subject to great
controversy. Prolonged imobilization of a repaired extensor tendon
may result in increased scar formation, tenodesis, and contracture.
This may result in a temporary or permanent disability of the part
served by the tendon, and additional surgical procedures such as teno-
lysis may be required to restore mobility to the tendon. Conversely,
use of a repaired extensor tendon too soon after repair may result in
failure. Again, this leads to additional surgical procedures to correct
the problems. This study has been designed to determine the optimal
period of immobilization of a repaired extensor tendon, and to help
identify and describe the cellular processes involved in healing of
extensor tendons repaired after transection.

RESULTS AND DISCUSSION OF RESULTS

As previously discussed, we have described the histologic appearance
of the healing extensor tendon. We have also found that the healing
extensor tendon of the rhesus monkey does not develop appreciable
strength tmtil after 21 days following surgery. However. we have not
been able to determine accurately the optimrl period of iuobilization

* following extensor tendon repair because all experimental groups healed
in the same satisfactory manner, and no tenodes.s developed in any of
the repaired tendons regardless oi the length and method of immobili-
zation. Consequently, we attempted to produce a tenodesis by using
animals in an older age group, but cur attempts were still unsuccessful.

CONCLUSIONS

We feel that our model is not adequate to evaluate the optimal period
of immobilization of a repaired extensor tendon. Consequently, further
r.ttempts to make such determinations will not be continued in this

RE CO?*ENDATIONS

The final report of the histologic appearance of the healing extensor
tendons is now in preparation and will be completed. No further studies
will be conducted using this animal model.

PUBLICATIONS

None
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STUDY NO. 3 Study of autogenous graft techniques
to restore muscle functions after
traumatic injury

PROBLEM

L.imb and skeletal muscle viability may be impaired or often destroyed
following severe trauma or limb swelling and compartmental syndrome.
Subsequent surgical treatment, which out of necessity includes exten-
sive debridement of all devitalized tissues, further adds to the func-
tional loss and disfigurement of the part. Currently, there is no
technique to restore or augm-nt severely traumatized skeletal muscles
following such functional loss. Small muscles have been used success-
fully to restore function to sphincters and small areas of the face in
human patients, but there are no reports of successfully replacing
large muscle msses. Th.s study is designed to develop techniques in
animal models which will permit large muscle masses to be autotrans-
planted to another area of the same limb or a different limb, restor-
ing function to a severely traumatized part.

iESUI.TS AND DISCUSSION OF RESULTS

Several different techniques were tried in efforts to effect free
muscle grafts. The transplanted muscles were evaluated electromyo-
graphically and histologically. Regardless of the technique used, we
were tusuccessful in maintaining viability of our free muscle grafts.
Only those muscles which were transplanted by microneurovascular
anastomoses returned to a satisfactory degree of funrtion.

CONCLUSIONS

We have been unable to develop a technique of free musele grafting
which will provide an adequate blood and nerve supply to the grafts to
survive. Only those muscles which are revascularized by direct vascu-
lar anastomoses appeared to survive and regain function.

RECOM.NDAT IONS

Based on our finding. and our unsucceseful attempts to free-graft par-
tial or entire skeletal muscles, we recommend that this study should
be discontinued. Further attempts at such free muscle grafts are not
currently Justifiable.

pUBLICATIONS

None
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23. (U) Fractures And ligamentous injuries due to combat frequently -result in delayed
healing and permanent disability. Prolonged hospitalization and multiple aurgical pro-
cedures delayed return to duty, and eventual tedical separations are comonn sequelae to
such injuries. Multiple systemic and mechanical factors are known to retard fracture
and ligament healing, but considerable controversy still exists about ho" fracture and
ligament healing can be accelerated. Under this work unit biochemical alterations and
various surgical modalities will be investigated. The results will be transferred into
management principles and techniques for combat fracture healing.
24. (U) Transverse bilateral aid-shaft ulnar fractures were created in 36 domestic
house c.ts. The caLs were divided into 6 etperiental grouFs to e,,a3ut.., the effects
ot vitamIn D metabolites, fluoride, calcitonin, and excess phosphate in accelerating or
altering fracture healing. Ten dogs and six rhesus monkeys underwent bilateral knee
joint artrotomies with transection and repair of one ;nterior cruciate ligament in
each animal. Evaluation was carried out 4 months after the cruclate ligawnt repairs
to deteraine the restoration of tensile strength following ligamentous repair.
25. (U) 77 10 - 78 09 in the fracture healing study, no specific effects or differ-
ences could be dezected in any of the experimental groups using mechanical. radiologic,
or histologic criteria. Significant differences were noted in serum chemistry and bone
mineral content. Healing of the anterior .ruciate ligament in dogs was unsatisfactory
due to Inadequate immobilization and early stress; however, excellent healing was
acconplinhed in the monkey cruciate ligamer.ts with as much as 60% return of maximum
strength following repair.
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ABSTRACT

PROJECT NO0. 3S762772A814 Military Trauma and Resuscitation

WORK UNIT NO. 016 Studies in Combat Fracture Healing

The following investigatios have been conducted under this work unit:

STUDY NO. 1 Effects of electrical stimulation on experimental
ununited fractures and the establishment of nutri-
tional supplemental controls in accelerating fracture
healing

STUDY NO. 2 Evaluation of potential combined effects of electrical

stimulation and nutritional attitudes in accelerating
fracture healing

3TUDY NO. 3 Evaluation of repair techniques in treating avulsion
fractures and injuries of the anterior cruciate
ligament

STUDY NO. I Electrical stimulation has been shown to stimulate hydroxv-
apetite formation and to heal experimentally produced fractures. Clini-
cally, electrical stimulationi has been used to heal delayed or ununited
fractures. An experimental ronunion model utilizing the canine tibia
has been developed to allow controlled investigation of the role of
e-ectrici& stimulation on ununired fractures. Similarly, active metabo-
lites of vitamin D, calcitonin, and fluorides are known to affect bone
formation, and therefore have a potential effect on fracture healing.

The effects of 1,25(OH) 2D 3 , 24,25(OH)2D 3 , calcitonin, fluorides, and
excess phosphate have been evaluated for their effects in accelerating
or altering fracture healing in feline fracture models.

STUDY NO. 2 Since electrical stimulation stimulates the healing of
experimental ununited fractures and osteotrophic agents accelerateA
fracture healing, the combined effects of electrical stimulation and

such agents are being evaluated. The selection of appropriate agents

will be based on the results of Study No. 1 of lhii protocol.

STUDY NO. 3 Surgically produced avulsi'n fractures and injuries of
the canine anterior cruciate ligament have been repaired with standard
surgical techniques. After satisfactory healing, the knee has been
evaluated for clinical stability and restoration of tensile strength
of the repaired ligament. Gross and microscopic pathologic studies
have been done on the tissues.
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BODY OF REPORT

WORK UNIT NO. 016 Studies in Combat Fracture Healing

STUDY NO. I Effects of electrical stimulation on
experimental ununited fractures and
the establishment of nutritional
supplemental controls in accelerating
fracture healing

PROBLEM:

A significant percentage of combat and noncombat injuries are fractures.
These injuries not only require front line treatment but often require
rear area surgical procedures and prolonged hospitalizations. Due to
the adverse environments of combat zone!; .nd the unique nature of such
combat-incurred fractures, delayed healing and permanent disability
often result. Since electrical stimulation has been showu to stimulate
fracture healing and the healing of delayed or ununited fractured, it
is the purpose of this inwastigation to evaluate the role of electrical

stimulation in accelerating fracture healing and preventing ununited
fractures. Various osteotrophic agents have been implicated in stimu-

lating fracture healing, and deficiencies of these agents have resulted
in delayed fracture healing. This study also will evaluate the poten-
tial roles of such agents, i" luding vitamin D. calcitonin, fluorides,

and excess phosphate (reversed calcium-phosphate ratio) in accelerating
cr altering fractute healing and preventing ununited fractures.

KESULTS AND DISCUSSION OF RESULTS

Prototypical studies with canine tibiae have resulted in the develop-
ment of a bilateral experimental nonunion model. Other techniques for
developing nonunion ;._dels have been described, have been uti.izej in
similar studies, and have shown that electrical stimulation does

accelerate or produce fracture healing in nonunions.IThirty-six domestic house cats underwent bilateral midshaft ulnar
osteotomies and were divided into 6 test groups for -valuation of

osteotrophic agents. The study groups included a control group, a
pathologic group with excess phosphate, and the following experimental
groups: 1,25(OH)2P3, 24,25(OH) 21l3, fluoride, and calcitonin. Twelve
weeks after the osteotomies, the animals were evaluated for fracture
healing, bone mineral content, serum chenistry, and alterations in
calcium phosphorus metabolism.

CONCLUS IONS

Evaluation of data obtained in the cat fracture study has indicated that

none of the osteotrophic agents accelerated or altered the rate of frac-
ture healing in any of the experimental groups. Statistically signifi-
cant differences were noted in the serum chemistries and bone mineral
content between the various groups.
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RECOIWENDAT IONS

Evalua.tion of data should continue in order to determine if any subtle
statistical differences existed between the experimental groups, and if
any deleterious effects were produced by the osteotrophic agents.

PUBLICATIONS

None

STUDY NO. 2 Evaluaticn of potential combined
effects of electrical stimulation
and nutritional "ctitudes in
accelerating fracture healing

PROBLEM

Since it has been shown that electrical stimulation accelerates frac-
tare healing with mechanical strength increased approximately 30, it
is possible that substratcb and osteotrophic agents may become the
rate-limiting factor if they arc not available in adequate amounts.
In Study No. 1, the potential roles of 1,25(OH)2D 3, 24,25(O11)2D3,
calcitonin, fluorides, and excess phosphate in accelerating or altering
fracture healing have been evaluated. If it can be shown statistically
that one of these agentii accelerates fracture healing, then the combi-
natien of that agent witi, electrical stimulation may further accelerate
fracture healing so as to provide earlier return to duty for the combat
injured soldier and to reduce the incidence of delayed or ununited
fractures.

RESULTS AND D:SCUSSION OF RESULTS

Since the results of Study No. I are incomplete, no work has been done
on this study.

CONCLUS IONS

None

RECO99NDAT IONS

None

PUBLICATIONS

None
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STUDY NO. 3 Evaluation of repair techniques in
treating avulsion fractures and
injuries of the anterior cruciate
ligament

PROBLEM

Incompetence of the anterior cruciate ligament and the resulting rota-
tory instability of the knee is a militarily devastating handicap. A
significant percentage of soldiers who sustain anterior cruciate liga-
ment injures in training or combat develop knee instability and require
medical separation regardless of methods of treatment. Although excel-
lent functional, anatomical, and biomechanical studies of the anterior
cruciate ligamet have been reported, there is still considerable dis-
agreement as to whether a ruptured or avulsed anterior cruciate liga-
ment should be repaired, discarded, replaced, or ignored. This study
will investigate the results of repairs in the proximal and distal por-
tions of the anterior cruciate ligament and the potential role of sup-

plemental autogenouS or Aynthetic materials in repairing or replacing
injured anterior cruci.ate ligaments.

RFSULTS AND DISCUSSION OF RESULTS

Ten dogs and six rhesus monkeys underwent transection and repair of the
anterior cruciate ligament at either the femoral or tibial end. Seven
of the :cn canine and all of the monkey ligaments that had beer. tran-
sected and repaired did heal. Functional and ,l1rical instability was

demonstrable in all knees, but the monkeys developed less degenrative
changes and had grossly more normal appearing ligaments after the repairs.
Failure testing on an Instr-n Materials Testing Machine revealed maximum
strength of the repaired ligaments to be only 10.41 for the femoral re-
pairs and 2.0-o for the tibial repairs in the dogs compared to the con-
trol knees. in monkeys, the femoral repairs were 46.8Z and the tibial
repairs 62.6 of the control knees.

CONCLUSIONS

Under appropriate conditions, acutely injured antorior cruciate liga-
ments tnat are appropriately repaired do have the potential of healing
as shown in this study. Therefore, injured anterior cruciate :igaments
that can be repaired should be repaired. Perhaps supplemental dynamic
and static supporting procedures should be used to augment the acute
anterior cruciate ligament repair. Adequate iwmmobilization for a suf-
ficient period of time seems to be essential in protecting and ali.,ving
satisfactory healing of the repaired anterior cruclate ligament. Fol-

lowing adequate immobilization, avoidance of early stress is crucial.
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RECOMIMENDATIONS

Based on the results of this study where inadequate immobilization and
early stress produced unimatisfactory healing of repaired anterior cru-
ciate ligaments, an experimental model has been developed to supplement
the repaired anterior cruciate ligament by itilizing a portion of the
patellal tendon. Supplementing the repaired anterior croiciate ligament
will increase the blood supplV, increase the actual strength, and act
as an internal splint for the healing of the repaired anterior cruciate

ligament. This experimental model w;ill be evaluated, by similar cri-

teria, in an effort to improve long-term results from repaired anterior

cruciate ligaments.

PU BLICATIONS

I. CABAUD, II.E., W.G. RODKEY, and J.A. FEAGIN. Experimental studies

of acute anterior cruciate ligament injury and repair. Am J Sports Med

1979 (in press).

2. CABAUD, '.E. and W.G. ROIWEY. Use of a durable, light-weiglt,

thermoplastic c;st miterial. Am .1 Sports Med 1978 (in press).
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23. 7(U) D"uriLng msodern wa*rfare, 3-6: of all combat injuries are further complicated by
upper gastrointestinal tract hemorrhage. This complication results in a prolonged
absence from duty and A 50! mortality rate. The overall objectives of this work unit
are to prevent or Improve therapy of stress ulceration. The specific objectives are to
determine if a haeaoral agent is responsible for the stress ulceration occurring in pigs
after hypovolemic shock. nd to determine If stres3 ulceratin ill occuir in hypovolemi Cpigs If normal gastric perfusion is mainfained.

anesthetized pigs. Oni pig will be hypovolemic (mean artorial blood pressure 50 mm Hg)
adtesecond pig will be normovolemic. Control exreriments will be performed with

-urmovolemia in both animals. Gastric lesion& will bc :ompared at sacrifice 24 hours

laer I onro suie teeffects ofgastric plerfusion atnormal pressure and flow

rate will be evaluated in normovolemic Animals.

12.() 80 7 9N stress ulcers were seen in the normovolemic partner while all
!hvotesiv prtnrs adtypical fundic stress ulcers And hemorrhage. Technical diffi-

~culties. including asasive gastric wiall edema and mucosal ulcerations, after pump-
perf-.sion in normotensive pigs are being investigated.

403

0 0.,0409 .. 149A f osoofl575 OOD114'l 1446 NOV la
1498.A.c'49 ... ,'- W600 L~& 24,11OS

of# "&o o P61)ulw. W



ABSTRACT

PROJECT NO. 3S762772A814 Hilitary Trauma and Resuscitation

WORK UNIT NO. 017 The Role of Humoral Agents in the
Pathogenesis of Stress Ulceration

T'he following investigatlonn have been conducted under this work unit:

STJDY NO. I Identification of the humoral agents associated with
stress ulceration

EX-i Search for a humoral agent responsible for ulcera-
tion during acute hypovolemia

EX-2 The effect of adequate gastric vascular perfusion
during acute hypovolemia on ulceration formation

STUDY NO. 1 This study is designed to determine the etiology of stress
ulceration so that modific..tion of its occurrence by rational preventive
therapy can be attempted.

Attempts to indicate a humoral agent as the etiologic agent have been
conducted by cross-circulation between the femoral vessels of pairs of
anesthetized piglets. One piglet was hypovolvmic with a mean arterial
blood pressure of 50 mm 11g, while the second piglet was normovolemic.
Control experiments were performed with both animals nor-movolemic.
Both animals were sacrificed 24 hours later and gatric lesions were
compared.

Normovolemic animals did not demonstrate stress ,ilcerations, while the
hypotensive partners all had typical fundic stress ulcerations and
hemorrhage. This would indicate that the etiologic agent for stre. s
ulceration is not transferable by cross-circulation.

If a humiral agent were responsible for stress ulceration after hypo-
volemia, then it should be active even though the stomach is adequately
perfused with a normal flow rate, a normal pressure, and adequately
oxygenated blood. Attempts to answer this question have been thwarted
because of technical difficulties, including massive gastric wall edema
and mucosal ulcerations in the normotensive control pigs. Further
investigation into eliminating these difficulties is being conducted.
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WORK UNIT NO. 07 The Role of Hunr-ral Agents in the
Pathogenesis of Stress Ulceration

STUDY NO. I Identification of the humoral agents
associated with stress ulceration

EX-1 Search for a humoral agent responsible for ulceration
during acute hypovolemia

PROBLEM

Gastrointestinal tract hemorrhage requiring transfusion occurred u 3%
of soldiers with major combat trauma during a Vietnam study period. In
a group of soldiers who suffered irtra-abdowinal trauma treated at the
24th Evac Hospital, long 1inh, Vietnar, 6% required transfusion becaue
of intestinal bleeding. Hemrrhage because of stress ulceration is
accompanied by a 502 mortality rat .. Many cormon battlefield injuries
that would not prohibit return to cosibat within a 30-day period are
complicated by uppe-r g.istrointestinal hemorrhage because of stress
ulceration. Many soft r'ssue injuries from missi~e injury, as well as
arterial disruptions and perhaps simple amputations. wvuld not in them-
selves require evacuation out of the corps area for treatment. Substan-
tial hypovolemia that accotapanies these injuries frequently induces
stress ulceration and th1, stress. ulceration requires addit'onal hos-
pitalization time, additional blood trarnfusions, and additional opera-
tions; all of which preclude return to combat within 30 days.

The etiology of stress ulceration is n .t known. Stress ulceration vil
occur in parabiotic rvote when only one rat is restrained, indicating
that a hunmral agent vay partiallv be responsible for restraint-induced
ulceration in rats. The hypovotemic piglet is a vell known model for
stress ulceration. The objecti v of Study No. I is to determine if a
hwmoral agent is responsible for ulceration after acute hypovolemia in
pigs.

RESULTS AND DISCUSSION O RESULTS

Five pairs of piglets underwent cross-circulation between the femoral
vessels. One pig was made hypovolemic with a mean arterial blooe pres-
sure of 50 mm Hg by bloodletting whtle the, second pig was maintained
normovolemic by adequate transfusion and fluid replacement. The hypo-
tension was maintained for 3 hours. The seru lactAte levels demon-
strated that the hypotensive pigs were in a moderate to severe state of
hypovolemia, while the normotensive pigs had normal lactate levels.
Cardiac output was also reduced by approximately 50% in the hypotensive
pigs, while the cardiac output did not change in the normotensive pis.
At sacrifice 24 hours later, the normutensive pigs had normal apraring
stomachs with no hemorrhage and no ulceration, The hypotensive ptgs
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demonstrated typical 1-2 cm linear ulcerations in the fundus with mul-
tiple areas of ecchymosis and frank hemorrhage. Control experiments,
with normovolemic pies being cross-transfused a& in the experimental
study, demonstrated no ,ulceration in either pig at 24 hours sacrifice
later.

CONCLUSIONS

There is no evidence for a humoral agent associated with the stress
ulceration that occurs after acute hypovolemia In pigs.

RECOMENDATIONS

Further studies are now in progress to cross-circulate total blood flow
from the thoracic aorta of the 2 pigs rather than the femoral vessels,
so that complete transfer of cardiac output is possible. Preliminary
data in control pigs demonstrate tat thoracotomy and cannulation of
the thoracic aorta is enough stress to cause mild areas of hemorrhage
in the stomach. Work should be continued until studies can be performed
with no ulceration.

PUBLICA' IONS

None

.X-2 The effect of adequate gastric vascular perfusion during
acute hypovolemia on ulceration formation

PROBLEM

if a humoral agent is responsible for stress ulceration, then stress
ulceration would still occur even though the stomach was adequately
perfused during hypovolemic hypotension. The objective of this study
was to determine if a humoral agent is active when gastric ischemia

during acute hypovolemia is prevented.

RESULTS AND DISCUSSION OF RESULTS

Five pigs were anesthetized and the abdomen opened in the midline.
The celiac axis was isolated and cannulated for perfusion. The first
5 animals were perfused with homologous blood with the aid of a roller
pump for 3 hours. The animals were maintained at normal blood pressure.
All 5 control animals demonstrated severe gastric wall edema and Mu-
cosal ulcerations at sacrifice 24 hours later.

CONCLUS tONS

At the present time, definite conclusions concerning the objective of
the study have not been made.
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RCCOtENDAT IONS

Since technical difficulties of perfusing the gastric vasculature exist,
tie are attempting modifications of operative procedures and use of dif-
ferent pumps. These studies should be continued until gastric ischedai
can be prevented when hypovolemia occurs secondary to massive trauma.

PUBLICATIONS

None
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ABSTRACT

PROJECT NO. 3S162172A814 basic Mechanisms of Recovery from
Injury

VORK UNIT NO. 019 Investigation of Cell-Free
Resuscitating Solutions

Crystalline hemoglobin solution, developed in our laboratory,
has been evaluated further and the results demonstrate that
hemoglobin, because of its ability Co transport oxygen and to
maintain oncotic pressure, can provide the basis for a useful re-

f suscitating solution for the severely wounded soldier.
Perfusion studies of hemoglobin solution in the isolated rat
liver indicate that cellular raspiratory metabolism can be
saintaned with the same efficiency as that of whole blood.
Biocherical and ultrastructural studies of several rat organ
tissues after massive transfusions with a crystalline hemoglobin
solution demonstrate that the structural integrity of tba liver,
kidney, and bran is maintained just after hemoglobin Infusion.r However, as the hemoglobin disappears from plasma, reversible
changes arc observed in the morphology of tha lmtc: zd asp
in bood volume. This zaeporary loss of blood volme could
be prevented by addition of a omall quan.ty of alhumin to the
hemoglobia solution infused. The storage stability of hamoglob o
n solution represents an Important characteristic for stockpiling

this blood aubstitute. Solutions of hemoglobin can be 1yophiliaed
(freese-dried) in the prasence of glucose as a stabiliser and
mintained as a powder for at least 6 monthsat8 room temparaturo

or for longer periods of ti"s at lower temperatures. Thus, #a the
time of transfusion, addition of sterile water is required to
obtain a solution ready for fluid therapy. The possibility of
producing sterile vater in field situations, by using available water
pools, has be n Investigated. Lyophllzsd hmglobin, reconstituted
7 months after storage at room temperature was used for transfusion
in rats and proved to be beneficial in restoring and/or maintaining
vital functions. The storage stability of hemoglobin In liquid or
dry form is essential for stockpiling and fulfilling the logistic
requirements for supply, storage, and transport whem massive fluid
support is needed in the transfusion of military canualties as wall
as civilian casualties in accidents and mass disasters.
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WORK UNIT NO. 019 Investigation of Cell-Free
Resuscitating Solutions

PROBLEM

It has long been evident that significant advantages can be gained
by the development of a resuscitating solution capable of transporting
oxygen, maintaining oncotic pressure, and being readily available when
massive clinical transfusions are required. Stringent requirements
must be met by any resuscitating solution in order to be effective.
As a blood substitute, this solution not only must be capable of
restoring vital functions, but also must not elicit pernanent adverse
effects when adrniniatered to mass casualty victims. Furthermore, it
must be uniquely suited to fulfill the supply, storage, and transportation
requirements for field use in combat situations. Plas , dextran,
albumin, and other preparations have been used. and although they appear
to be effective as plasma expanders, they do not transport oxygen. As
a resuscitating fluid, blood has a limited storage life, must be
stored in bulky energy-requiring refrigerators, and requires typing
and cross-matching prior to use.

In most cJ-ilian oettings in this country, the transfusion require-
ments associated with massive trauma can be met with conventionally
stored blood and its components. However, military field requirements
frequently demand massive fluid support in areas remote from supply
sources. The inability to predict when modest transfusion requirements
may suddenly increase complicates fluid therapy logistics. The
ability to stockpile a stable protein solution capable of carrying
and exchanging oxygen would minimize many of these difficulties.

Hemoglobin is a protein which has such potential. A solution of
hemoglobin presents numerous advantages as compared to other blood
substitutes or plasma expanders. Hemoglobin is a component of normal
blood, can be prepared from outdated human erythrocytes, does not
require typing or cross-matching prior to use, Is capable of transporting
oxygen to the tissues, has uncotic activity, ha low viscosity,
does not cause microaggregates, and may not induce significant
Inunologic reaction. Furthermore, hemoglobin is highly soluble
in physiological solutions ad can be stored for extended periods
of time.

The potential value of hemoglobin solution as an oxygen-carrying
blood substitute has been recognized also in some special situations.
(1) This solution could be used in the treatment of hemorrhagic
shock in circuNstances where compatible blood is not available
or in cases in which constriction of the capillary vessels in the
sicrocirculation would dictate the use of a fluid with a lover
viscosity than blood for normovolmic hemodilution. (2) It co-Ald
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be helpful in the military field operating room when prolonged
and continued blood loss occurs; until bleeding is under control,
henoglobin solution could be used, thus saving a large volume of
donor blood which could be more properly utilized later. (3) In
open heart surgery, hemoglobin solution could be of great advantage
In prining the pump and/or maintaining circulation during surgery,
again saving the patient blood intact, without any mechanical stress,
for better utilization at the end of surgery. (4) Hemoglobin solution
can be used as a perfusate to preserve various organs for long
periods of tine in a normothermic envi'onment, maintaining the
normal oxygen tension and oncotic pressure necessary during preservation.
(5) In metabclic ttudies, solutions of hemoglobin can be formulated
with the required components and used in organ perfusion allowing
results which are unaffected by background compounds which are
present when blood is used.

iowever, it is imperative that if hemoglobin is used as a blood
substitute, it must be free of any stroc al particle, stromal lipid,
or other soluble and insoluble cell components which have been
implicated in adverse effects on kidney function and on coagulation
factors. Hemoglobin has the potential to become an important
blood substitute and could provide the basis for an ideal resuscitating
solution for the severely wounded soldier. The problem of developing
an effective blood substitutt Is pertinent not only to military
combat casualties, but also to civilian casualties such as in
accidents and mass disasters.

KYSULTS AND DISCUSSION OF RESULTS

Using the crystallization procedure developed in our laboratory
for the isolation of hemoglobin from outdated lysed human red cells,
investigators at lyland Division, Travenol Laboratories at Cost&
Mesa, California have proceeded with large scale preparation of
hemoglobin. Several preparations were obtained from Hyland and
they were assayed in our laboratory to ascertain that our specifi-
cations were met. The hemoglobin solutions received were found
suitable to be uoe4 as a blood substitute. These preparations vere
used by LTC William Moores, HC, Department of Surgery, LAIR, to study
oxygen transport by he *globin solutions across an isolated
swine heart. Although, after exchange of blood with a hemoglobin
solution, a small quantity of the animal's own erythrocytes vere
still present, provisions were made for evaluating separately the
oxygen transport provided by free hemoglobin and that of the
residual red cells. We participated in these studies by monitoring
several biochemical and physiological pazameters essential in
the evaluation of thi ability of an isolated heart to perform
useful work which is dependent upon adequate oxygen trarMport.
The model also provided for the examination of anaerobic versus
aerobic metabolism and for Information regsrding coronary flow
distribution and adequacy of tissue oxygen and carbon dioxide
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tensions. The results of these investigations indicate that
although hemoglobin solution is not as efficient as whole blood,
it provides adequate oxygen delivery to permit the isolated heart
to perform mechanical work.

Considerable progress has been made in the studies on the
lyophilization of hemoglobin solutions in the presence of protec-
tive stabilizing agents. Glucose and sucrose were most active
in protecting the hemoglobin molecule fro transformation to
metheoglobin during the lyophilization process. Hemoglobin
lyophilized under sterile conditions in the presence of 32
glucose and maintained at 4 C did not show significant alteration
in structure and function for a period of 9 months. Freeze-dried
hemoglobin samples stored at 25 C were unchanged for 6 months, but
after this time a progressive increase in methevoglobin content
and decrease in P5, were observed; after 9 months of storage the
methenoglobin increased fron an initial value of 3 to 15 g/lOg
hemoglobin and the Pso decreased from 16 to 12 mm Rg. Transfusions
in rats exchanged to blooa replacements of 95 or 75. were performed
with lyophilized hemoglobin reconstituted after 7 months of storage
at 25 C. Animals transfused with hemoglobin solution to 95X blood
replacer-ent lived for about 9 hours, and, during this nterval,
physical activity appeared normal. Animals similarly transfused
with albumin solution died within 15 minutes after transfusion.
All animals transfused to 751 blood replacement survived. Hemoglobin,

hemtocrit, plasma oncotic pressure, Pso, and oxygen capacity were
monitored, ond although changes were observed after transfusion.
their values returned to norual pretransfusion levels within

7 days. These studies suggest that lyophilized-reconstituted
hemoglobin is effective in maintaining vital fanctions. A
scientific article reporting the results of these studies
has been submitted and accepted for publication.

To reconstitute lyophilized hemoglobin to a solution suitable
for transfusion, sterile water is needed. The possibility
of producing sterile water utilizing water available in field
situations such as sea, lake, pon,' water o even urine was
Investigated. Allied Water Corporation, San Francisco,
California has developed a compact apparatus, weighing
100 pounds, which through a system of filtration and reverse
omnwosls can produce drinking water from polluted and/or salt
water. We lhave analyzed the water produced by this apparatus
and the results show that organic material, electrolytes, and
other impurities are efficiently removed. Further studies
are under way to insure that the water obtained is completely
sterile and free of pyrogenic activity.

Stability studies of hemoglobin solutions at freeaer (-20 C) or
refrigerator (4 C) temperatures for extended periods of timis aw
the investigation of the plasma oncotic pressure of the rat
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II
during and after transfusion with a 7 g/dl hemoglobin or albumin
solution havc been completed. Two scientific articles reporting
the results have been submitted and accepted for publication.
The solutions of hemoglobin stored at -20 C demonstrated no
alterations in methemoglobin content, Pit, n-values, osmolality,
oxygen capacity, Na, K, and pH after 2 years of storage.
Solutions kept at 4 C remained stable for 12 months; after
12 months and especially after 18 months, deterioration was
evident In the refrigerator-stored solutions, as demonstrated
by an increase in methemoglobin content and a decrease in the
Pse. Investigations on the plasma oncotic pressure demonstrate
that this pressure Is maintained during infusion of hemoglobin
solution; after transfusion, when frec hemoglobin disappears
from plasma, the oncotic pressure due to hemoglobin molecules
decreases, but the rapid intravascular replenishment of plasma
prote! s contributes significantly to the value of the plasa
oncotic pressure.

Investigations on possible effects of hemoglobin solution on
the histology and ultrastructure of liver, kidney, and brain
cells of transfused rats have been expanded to include deter-
minations of blood volume, analysis of urine output and body
weight loss after transfusion. These studies have been done in
cooperation with MAJ Harold Friedman, iC, Department of Surgery,
LAIR. In animals transfused to 75% blood replacement, blod
volume was reduced approximately 107 during the first 18 hours
in the control group transfused with albumin, while hemoglobin
treated rats experienced a 42% blood volume decrement in only
6 hours. Blood volumes returned to near normal levels n all
animals by 24 hours. Urine volumes were three times greater
in the henoglobin-exchanged group than in the albusin-treated
group and the urine was relatively hypo-osmolar In the former
group (650±73 uOsm in the hemoglobin and 1,1971103 m~sm in the
albumin groups). In regard to the effects on tissue cells, the
results of these studies suggest that hemoglobin protects the
liver from hypoxia immediately a-iter exchange transfusion,
presumably by Its ability to transport and release oxygen.
However. the eventual disappearance of hemoglobin from the intra-
vascular space is associated not only with a reduction in blood
volune but also with the appearance of hepatic ischemia and
centrolobular necrosis. Such alterations are temporary and
disappear within 2 weeks after transfusion. Consideration should
be given to prevent these toriporary effects by repeated infusions
of hemoglobin solution or by prolonging the vascular retention time
of hemoglobin. Hemoglobin, when transfused In massive quantities,
does not appear to affect renal or brain ultrastructural morphology
adversely. The results of these studies have been included in
several scientific articles which have been submitted and accepted
for publication.
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In an attempt to control the less of blood volume after transfusion
with hemoglobin solution as described above, rats were transfused
to 75% blood replacement with a solution containing a mixture
of hemoglobin (7%) and albumin (52). Although no significant
differences were observed in the plasma half-time disappearance
time of hemoglobin when compared with animals transfused with a
solution containing only hemoglobin, the loss of blood volume was
similar to that observed in the animals transfused with a solution
containing only albumin; that is, approximately 10% blood volume
loss was noted during the first I hours with a return to normal
levels within 24 hours. Earlier experiments had shown that the
animals appear to benefit from the hemoglobin-albumin mixture
since all the animals transfused to 90% blood replacement survived
without additional transfusion, whereas control animals died
at 5 hours following blood replacement with hemoglobin solution
not supplemented with albumin. As ex:pected, after transfusion
with hevotlobin-albumin mixtures the plasma oncotic pressure showed
higher values (34 torr) than normal (18 torr, in the rat);
however, these values returned to normal levels at 24 hours
after transfusion.

In cooperation with LTC Hichael D. Caldwell. 1C, and MAJ Harold I.
Friedman, 2lC, of the Department of Surgery, LAIR. preliminary
studies have been initiated on the perfusion of Isolated animal
organs with hemoglobin solutions. Theae studies were designed to
evaluate the effect of the hemoglobin-oxygen affinity (Ps) and
of the hemoglobin concentration on the metabolic and respiratory
activity of the cells. Appropriate controls, with whole blood
as a perfusate, have been included in these studies. Physiological,
hematological, and biochemical tests in the perfusate before,
during, and after perfusion, and electron microscopic analysis
of the tissue after perfusion have provided important information
in regard to the respiratory metabolism of the cells. In these
preliminary studies, the liver of the rat was isolated in situ in
the animal. Under these experimental conditions, the respiratory
metabolism of the cells is greatly influenced by the concentration
of the hemoglobin in the perfusate; at higher hemoglobin concentrations
(14 g/dl) the respiratory metabolic activity of the liver cells is
comparable to that observed in the control experiments in which
whole blood was used as a perfusate. These studies will be continued
In the future; the organ perfusion model appears appropriate to study
not only the effects of variations in the concentration of hemoglobin,
but also the effects obtained by different formulations of hemoglobin
solution containing addition of different biological compounds such
as sugars, vitamins, and/or horuones. These Investigations could be
extended to study the function of organs other than liver, such as
h;idney, muscle, heart, and other organs.

When hemoglobin solution is transfused in a living organism,
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The proportion of hemoglobiti solution and residual blood will
vary according to the extent of transfusion. It was considered
important to have knowledge of physical and physiological parameters
of different mi::tures of blcod and heroglobin solution. Human
blood and hemoglobin solution were mixed in different proportions
and the relative viscosity, the density, the oxygen dissociation
curves, and oxygen content of the mixtures were determined. A
progressive decrease of relative viscosity, density, and hemoglobin-
oxygen affinity (decrease in ?so) enoues as the proportion of
hemoglobin solution increases in tha mixture. These results tay
be irportant in regard to circulation through microcapillaries
which in conditions of shock way be constricted. A fluid of lower
viscosity and density may be able to pass through and deliver
needed oxygen to the tissue with greater facility than a fluid
with higher viscosity and density. It is possible that oxygen
transport by free hemoglobin in the plasma may not require ttc
same Ps0 as intra-erythrocytic hemoglobin. It is conceivable
that oxygen delivery may not be dependent on the Pso, but upon
the relative proximity of the oxyhemoglobin molecule to the
capillary membrane. These possibilities will be further explored
with !e use of hemoglobin solutions at differrac concentrations and
determining the contributions to th. oxygen dissociation curves
by the free and erythrocytic hemoglobin In the mixtures.

Hemoglobin, as prepared by the crystallization procedure, contains
small quantities of several glycolytic enzymes which are tightly
bound to the hemoglobin molecule. By treatment with CN--Sephadex
or DIE-cellulose. the enzymatic proteins were quantitatively separated

from the hemoglobin molecule and spotted on polyacrylimide gel-
-electrophoresis. lhe remaining hemoglobin, stripped of glycolytic
enzymes as described, appears to be affected adversely; the result i
demonstrate a dccrease in P50 (higher oxygen affinity) and a marked

increase in nethemoglobin content. Samples of hemoglobin solution,
separated enzymes and stripped henoglobin have recently been sent
to E. Sarcione, Ph.). at Roswell Park :emorial Institute in Buffalo,
Sew York, for determination of possible antigenic activity.

In normal blood, henof.lobin molecules are confined inside the

red cell which may be c~nceived as a bag of lipid and protein

material containinj- a solution of hemoglobin, enzymes, and other
biological compounds essential for glucose metabolism. We are
exploring the possibility of encapsulatin, the hemoglobin
molecules, free in a solution, in an artificial membrane which
simulates the red blood cell. The formation of such artificial
cells (microencapsulation) can be achieved by treatment of the
hemoglobin solution with lipid substances, or Sel, and/or cellulose

material. The hemoglobin molecules would remain enclosed in an
artificial membrane or in the matrix of the gel. It Is hoped
that by this process the retention of the hemoglobin in the
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plas a, when infused, would be prolonged so that the effect of
hemoglobin on oxygen transport and delivery to the tissue would
be maintained for longer periods of time. It id possible that
encapsulation will allow the hemoglobin-oxygen affinity and the
concentrativn of hemoglobin to be approximated to the normal
values of whole blood. Preliminary results indicate that
encapsulating hemoglobin molecules in gel matrix or lipid membranes
is possible, but the feasibility of such processes from a clinical
point of view will have to be investigated.

CONCLUSIOIS

Crystalline hemoglobin solution, developed in our laboratory, has
been further evaluated. Hemoglobin, because of its ability to
transport oxygen and maintain oncotic pressure, could provide the
bcsis for a useful resuscitating solution for the severely wounded
soldier. As a blood substitute, hemoglobin appears beneficial in
restoring and maintaining vital functions and does not directly
cause advetse effects in the ultrastructure of liver, kidney, or
brain cells, as demonstrated by the results of the morphology of
these organs after massive transfusions with crystalline hemoglobin
solution. The storage stability of hemoglobin in solution represents
A decisive advantage. Solutions of hemoglobin can be lyophilized
(freeze-dried) in the presence of a stabilizer and maintained as a
powder for at least 6 months at room temperature or for a longer
period of time in a refrigerator. At the tice of transfusion
addition of sterile water is required to obtain a solution ready
for fluid therapy. The storage stability of hemoglobin in liquid
or dry form is essential for stockpiling and fulfilling the logistic
requirements for supply, storage, and transport where massive fluid
support is needed in the transfusion of military casualties as well
as civilian casualties of accidents and mass disasters. Investiga-
tions designed to improve tie formulation of hemoglobin solution as
a blood substitute, such as increasing the concentration of hemoglobin
or encapsulating the molecule in an artificial membrane, are in
progress.

RECOMMEM)ATIONiS

Investigations aimed at prolonging the plesma retention of hemoglobin
either by chemical manipulation of the hemoglobin molecule or by
encapsulation should be continued and intensified. The evaluation

of the effectiveness of hemoglobin solution in the isolated organ
model should be focused on exploring different formulations of this
blood substitute and the effect on the functional activity of the
organ and on the respiratory metabolism of the cells.
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A comriercial company is now capable of providing large quantities
of crystalline hemoglobin which should be used for clinical t.udiesp
in higher animals not only in our laboratory at LAIR, but als) by
other interested investigators in other laboratories throughout the
country. These studies will allow us to nonitor, with a high degree
of accuracy, a lrger range of important physiological, blochvemical,
and heutological parameters. The amount of oxygen released by
free hemoglobin at the tismue level should be determined in
different clinical conditions. The question of a possible
saturation or blockade of the reticuloendothelial system after
infusion of free hewog.obin should be addressed.
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enzymes in exercise trained rats. (Abstract No. 1250)
Fed Proc 37 (3):428, 1978

78-032 T3LLOTS":, J.A., ME. SREA. and AA. SOHEA. Ascorbate
metahelimi in trained primates. (Abstract No. 1255)
Fed Proc 37 (3):448, 1978

78-033 TUR!1tULL, J.D., W.A. AMOS, I.D. GREEN, D.B. MILNE, HI.E.
SAUNERLICH, J.A. TILLOTSON. and S.T. OKAYE. Ascorbic acid
(AA) depletion and repletion in the cynomolgus monkey.
(Abstract No. 1256) Fed Proc 37 (3):443. 1978

78-0 4 McW4M, E.L., C.1. LEWIS, H.H. DO04G, and H.E. SAUBERLICK.
Comparidon of commercial radioassay kits vith microbio-
lofical assay of serum and red cell folats.
(Abstract No. 1484) Fed Proc 37 (3):494, 1978

78-035 KLAIN, G.J. Growth hormone and in vivo lecine metabolism
in the rat. (Abstract No. 1708) Fed Proc 37 (3):420, 1978

78-036 IAS1IOR, .M,, and J.A. TILLOTSON. Isolation of a riboflavin-
binding apoprotein free chicken egg white and its use in a
radioasay for urinary riboflavin, (Abstract No, 2414)
Fed Proc 37 (3)t672, 1978

78-037 AMOS, W.A., and H.E. SAUBERLIICU. Serum ferritin and its

relAtionship to other parameters of iron status.
(Abstract No. 3572) Fad Proc 37 (3)t892, 1978
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78-038 .'IL.E, D.D., D.D. SCHNAKENBERG. and H.L. JOHNSON. Dietary
intakes of copper, zinc, and manganese by military personnel.
(Abstract No. 3585) Fed Proc 37 (3):894, 1978

78-019 BIKLE, D.D., D.T. ZOLOCK, R.L. MORRISSEY. and R.11. HERMAN.
Independence of 1,25-dlhydroxy-vitmin D -mediated cal-
cium transport from de novo RNA and protiln synthesis.
J Blol Che 253:484. 1978

73-040 NEVILL, J.R., and T. CLE!OER. Hemoglobin-oxygen affinity
in organic heart disease. In: Oxygen transport to Tissue -

111, edited by L.A. Silver, H. Erecifiska and H.!. Bicher.
Plenum Pub. Corp.. 1918

78-041 GUTHERTZ. L.S., and R.L. OKOLUK. Comparison of miniatur-
ized multitest systems with conventional methodology for
identification of enterobacteriaceae from foods. Appl
Environ Hicrobiol 35t109, 1978

78-f42 DEVEUTO, F.. W.Y. HOORES, A.I. ZEGNA, and T.F. 7ZUCK.
Total and partial blood exchange in the rat with hemonlobin
prepared by crystallization. Transfusion 17:555, 1977

78-0413 TAYLOR, S.L., E.R. LIEBER, and H. LEATIIERWOOD. A simpli-
fled method for histamine analysis of foods. J Food
Sed 43:247. 1978

78-044 FRI., J.T., J.F. FOSTER, and L.S. GUTHIER1Z. Comparison
of recovery methods for Clostridium perfringens from sel-
ected foods. J Food Quality 135, 1977

78-045 RUTLEWE, L.C. Incubation and prepatent periods of Plas-
modium vivax. Trans R Soc Trop Med HyS 71:451, 1977

78-446 WEISINCF.R, T.A., T.F. ZUCK, R. TOLBERT, S. NcLAUGHLIN,

K. AGUIRRE, C.C. PECK, and M. KNIGHT. An enzymatic method
for measurement of ascorbate-2-phoephate. Bloche Med
19:118, 1978

78-047 RUTL:D,., L.C., N.A. MOUSSA, C.A. LOM!, and R.K. SOF iLD.
Comparative sensitivity of mosquito species and strain&;
to the repellent diethyl tolumide. 3 Med Entomol
14:536, 1978

78-048 HUTTON, R.D., and S. KiS. Experinmental Trichophyton
mentagrophytes infection in hairless 1nd haired JoBs.
Lab Anu Sci 28:217, 1978

78-049 ALLEN, A.M., and R.D. KING. Occlusion, carbon dioxide, and
fmngal skin infections, Lancet 80603609 1978
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78-050 RODEY, W.G., J.P. HANNON, J.G. DRAMISE, Rdn. WHITE, D.C.
WELSI, and B.N. PERSKY. Arterialised capillary blood
used to determine the acid-base and blood gas status of
dogs. An J Vet Res 38:459, 1978

78-051 SAUtERLIC1I, 11.E., and L.B. APPLEWHITE. Military Nutrition;
it helps all. Professional Nutritionist Spring:8, 1978

78-052 G|ITHERTZ., LS., S.L. TAYLOR, H. LEATHERWOOD, and E.R. LIEBER.
Bacterial histamine production and an Incident of scombroid
fish poisoning. (Abstract No. P15) In: Abstracts of the
Annual Meeting of the American Societv for Microbiology
1978, (Las Vegas. NV. 14-19 May 78) p 1899

78-053 FRIIIN, J.T., L.S. GUTHERTZ, F.J. TILLMAN, J.F. FOSTER,
and ii.E. SAURERLICH. The bacterial content of aerosols
associated with a conventional blender. (Abstract No. P9)
In: Abstracts of the Annual Meeting of the American Society
fTor Microbiology 1978, (Las Vegas, NV, 14-19 May 78) p 188

78-054 FOSTER, J.F., J.T. FRUIN, and L.S. GUTHERTZ. Bacterial
survey of ground beef, textured soy protein and textured
soy protein extended ground beef. (Abstract No. P9)
In? Abstracts of the Annual Meeting of the American Society
f'or Microbiology 1978, (Las Vegas, NV, 14-19 May 78) p 188

78-055 TAUUTON, O.D., H.L. GREENE, F.B. STIFEL, F.D. IIOFELDT,
E.G. LUFKIN, L. IIAGLER. Y. HERMAN, and R.I1. HERMAN.
Fructose-1, 6-diphosphatase deficiency, hypoglycemia and
response to folate therapy in a mother and her daughter.
Riochen Med 19:260, 1978

78-056 FRIEDMA, H.I., J.G. CHANDLER, C.C. PECK, T.J. NEWrH, and
S.K. OD! .I. Alterations in Intestinal structure fat absorp-
tion and body weight after intestinal bypass for morbid
obesity. Surg, Gynecol Obstet 146:757, 1978

78-057 SHROYER, E.L., and S.M. REFAAT. Isolation of feline
syncytia-forming virus from oropharyngeal swab samples and
buffy coat cells. Am J Vet Res 39:555, 1978

78-058 KELLEY. S.T., T.J. AJCCI, and S. SILVERMAN. Skeletal met-
uration in owl monkeys (Aotus Sp). (Abstract No. 771)
Fed Proc 37 (3):356, 1978

78-059 SCIL1AKEXEBERG, D.D., T.M. HILL, and T.l. MORRIS. Nutrient
ratios of meals and snacks consmed by male military per-
sonnel. (Abstract No. 794) Fed Proc 37 (3):361, 1978
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78-060 CALDWELL, M.D. Effect of altered calorie/nitrogen ratio
on urea production. (Abstract No. 988) Fed Proc 37 (3):400,
1978

78-061 BIKLE, DD., E.W. ASKEW, D.T. ZOLOCK, R.L. HORRISSEY, and
R.ll. HENtAN. Calcium accumulation by intestinal mitochon-
dria from rdchitic and 1,25(01i) D) treated chicks.
(Abstract No. 176) Fed Pruc 37 f6):1300, 1978

78-062 ZOLOCK, D.T., R.L. MORRISSEY, and D.D. BIKLE. 1,25-dihydro-
xycholecalciferol (1,25(0112 )-mediated bone mineral uptake
and its blockage by cyclohxcide (CYCLO) (Abstract No. 268)
Fed Proc 37 (6):l31b, 1978

78-063 KER3S, S., R.D. HUTTON, and J.W. HOLLISTER. Visual micro-
method for assay of fungal growth. Car. J Microbiol 24:574,
1978

78-064 TAYLOR, S.L., H. LEATHERWOOD, and ".R. LIEBER. Histamine
in cauerkraut. Reseatch Note. J Food Sci 43:1032, 1978

78-065 ALLEN, A.M, Clinical trial design in dermatology: Experi-
mental design. Part 1. Inc J Dermatol 17:42, 1978.

78-066 FRUIN, J.'. Microbiological criteria of food. J Food
Prot 41:481, 1973

78-067 BIKLE, 0.0., and H. KASHUSSE14. A biochemical model for the
ionic control of 25-hydroxyvitamin D3 1-hydroxylase. J
Biol Chom 253:3042, 197d

78-068 MELLICK, P.W., H.G. HUSTAFA, W.S. TYLER, and D.L. DUNGWORK.
Horphologic and biochemical changes in primate lung due to
low-level ozone exposure. Proc XXIII Internatl Tuberculosis
Conf., Hexico, 23-2b Sep 75. Bull Int Union Tuberc 51:565,
1976

78-069 ALLEN, A.M. Lpidemiologic methods in dermatology. Part I:
Describing the occurrence of disease it human populations.
Int J Dermtol 17:186, 1978

78-070 ALLEN, A.H. Clinical trials in dermatology. Part 2:
Numbers of patients required. tat J Dermatol 17:194, 1978

78-071 BIBEL, D.J, D.J. LOVELL, and R.J. SHILJANIC. Survival
of bacillus licheniformis on human skin. Appl Environ
Vicrobiol 35:1128, 1978
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73-072 DIBEL, D.J., R.J. SMILJANIC, and D.J. LOVELL. Interactions
of bacillus licheniformis ATCC 10716 and normal flora of
human skin. Appl Environ Mlcrobiol 35:1136, 1978

78-073 HUTTON, R.D., S. KERBS, and K. YEL. Scanning electron micros-
copy of experiziental Trichophyton mentagrophytes Infections
in gu.nea pig skin. Infect Inaunol 21:247, 1976

78-074 LIEBER, E.R., and S.L. TAYLOR. Thin-layer chron.&toraphic
screening methods for histamine in tuna fish. J Chromatogr
153:143, 1978

78-075 APPLEhIITE, L. Hanuscript preparation for articles in
scientitic/medical journals. J Am Optom Assoc 49:531, 1978

78-076 ASKEW, E.W., A.L. HECKER, V.G. COPP'ES, and F.B, STIFEL.
Cyclic AI(P netabolism in adipose tissue of exercise-trained
rats. J Lipid Res 19:729, 1978

78-077 FOSTER, J.F., R.C. IIUNDERFUND, J.L. FOWJLER, J.T. FRUIN, and
L.S. GUT ERTZ. Bacterial populations of ground beef, tex-
tured soy protein and ground beef extended with soy protein
after 3 and 10 days of refrigerated storage. J Food
Prot 41:647, 1978

78-078 HANNON, J.P. Comparative altitude adaptability of young
men and women. In: Environmental Stress, Individual iuman
Adaptations, edited by L.J. Folinabee, J.A. Wagner, J.F.
Borgia, BL. Drinkwater, J.A. Gliner and J.F. Bedi. New
York: Academic Press, 1978. pp 335-350

78-079 GREEN, H. Histamine in tne central nervous system. Proc
West Pharnacol Soc 21:337, 1978

78-080 GREEN, H., J. TURNBULL, II. SAUBEIRLICHI, and S. OMAYE.
Ascorbic acid and drug metabolism li cyncmologus monkeys.
Proc West Pharoacol Soc 21:341, 1978

70-081 ?RUIN., J.T., and S.L. TAYLOR. Acute foodborne hietamine
toxicity. In: Heorandum for: Each Array Veteri.ary Corps
Officer, Letter of July 1978, Subject: krmy Veterinary
Corps Information (4-78). Consultant's Column, 3 pp.

78-082 FRUIN, J.T. Salmonella update. In: Kmorandu= for: Each
Army Veterinary Corps Officer, Letter of May 1978,
Subject: Army Veterinary Corps Information (3-78) Consult-
ant's Column. 2 pp.
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78-083 TOLBERT, Bolt., D.O. JOINSEN, B.S. JOYCE, and E.M. BAK.

Nutritional significance and metabolism of ascorbate sul-
fate. In: Proc of 10th Int Cong of Nutr, (Kyoto. Japan,
3-0 Aur, 75) edited & Pubi by Proc Subcom of XICN. Chairman:
iideo Koishi. pp 102-104

78-084 CONSOLAZTI, C.F. Nutritlon and physical fitness in man.
int Proc of l)th Int Cont ?utr (Kyoto, Japan, 3-9 Aug 75).
e7lited & Publ by Proc Subcom of XICN. Chairman: Hideo
Koishi. pp 174-176

78-085 CONSOLAuIo, C.r. Physica,1 performance and some biochemical
chanpes related to nitrltion. Int: Proc 10th Int Cong Nutr,
(t voto, Japan, 3-9 Aur 75) edited & publ by Proc Subcon of
XTCIC. Chairman: lideo Koish,. pp 183-185

711-036 SAIBI:RLIQ.ll, II.E., JE. CArnIAM1, R.E. IIOIGES, L. ,HEJIA, C.
LIKW, and D.L. WALLACE. Iron deficiency anemia and hypo-
vitaminooims A. (Abstract) In: Proc of 1Oth Int Cong Uutr,
(r.yoto, Japan, 3-9 Aug 75), edited & Publ by Proc Subcom
of XIC'1. Chairman: Ideo Koishi. p 596

73-087 CALX.TLI, I., G.E. NICIIOALDS, and H.l.. ORFENE. Vitamin
requirements in patients receiving total parenteral nutri-
tion (TMO'). (Abstract) In: Proc 10th tnt Cong Nutr,
(nyoto. Japan, 3-9 Aug 75). Ed & Publ: Proc Subcon of XICN.
Chairman: Hidco Koishi. p 642

78-08.1 CAL!A.FLL, M.D., J.A. O NILL, B.C. tIfFG, A. OTTEN, and
H.T. STA1?I!'AN. Use of a 10%. L-amino acid solution vith
glucose in pediatric parenternal ntitrition. (Abstract)
In: Proc 19th Int Cong Nutr (Kyetc, Japan. 3-9 Aug 75).
Ed & Publ: Proc Subcom of XICl. Chairman: Hide* Koishi.
p 652

73-089 WI.LFOR , D.C., P.R. RAP.-ES, W.Y. HOORES, T.A. BeSSINGER,
and R. NEVILLE. The porcine oxyhemoglohin dissociation
curve. (Abstract) In: Proc 58th Annual Meeting (Pacific
nivi ion), American Association for the Advancement of
Science, San Pr&ncisco, C 1978

18-0 NE.1ILLE, J.R., and T. CLDMI. , Nemoglobin oxygen affinity

in organic heart disease. (ostract) (n: Proc 3rd Symposium
of the Int Sot of Oxygen Transport to Tistue, Cambridge,
England, 1977

78-091 WE.IOPF, R.B, 1WY. MOORES, )Z.K. RIORDAN, No.e TOIJNSLEY,
oD.C. WILLFORD, W.P. DEIZITSKY. K. tAI]ICK. and J. CRUM,
Depression of swine left ventricular function by halo-

thane. (Abstract) Clin Res 26t98A, 1978
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7.11-092 RIORDlAN, K.K., MI. TOWNSLEY, K.R. CIIAIICK. and R.B.
WrISIOPF, Measurements hydrogen ion binding of canine
hemogl1obin. (Abstract) Clin Res 26:453A, 1978

78-001 RIORDA , K.K., !1.1. TOMNSLEY, K.R. CHADWICK, Il.A. BRINKS,
and R.7s. WEISIKOPF. Acid-base nomogram for pig blood.
(Abstract) The Physiologist 29:99, 1978

78-O94 I ISKOPF. R.R., 4.1. TOWNSLEY, K.K. RIORDAN, K.R. CHADWICK,

and II.A. BRIU1'fS. Cardiovascular responses to moderate
hemorrhag e during halothane and ketamine anesthesia.
(Abstract) Abstracts of Scientific Papers, American Society
of Anesthesiolo ists, 1973

78-095 TOWTISLEY, .I., H.A. BRINKS, and R.B. WEISKOPF. Measure-
ments of enflurane and isoflurane by mass spectrometry.
(Abstract) Abstracts of Scientific Papers. American Society
of Anesthesiologists. 1971

78-090 wr15.:orr, R.B., W.Y. MOORES, K.K. RIORDAN, 1t.1. TOWNSLEY,
J.D. Cflt , D.C. WILLFORD. and W. DEMBITSKY. Left ventricu-

lar dynanics: A comparison of norphine and halothane during
nornoxia. (Abstract) Abstracts of Scientific Papers,
American Society of Anesthesiolopists, 1978

78-097 HOORES, W.Y., D.C. WIILLFORD, J.Dl. CRUM, J.R. NEVILLE, R.B.
Wr.ISKOPF, and W.P. DE11BITSY. Alteration of myocardial
function resulting, from changes in hemoglobin oxygen affin-
ity. (Abstract) Circulation 58:11-225, 1978

78-fl9. GLA'TT7, S.A., G.A. HISBACH, W.Y. MOORES, D. HATIIEY, 3.
LrKE:;, D. STOWE, W.W. PAIU(LEY, and J.V. TYBERG. The pert-
c.rdium substantially affects the dog ventricular diaetolic
pressure-volunme relationship. Circ Res 42:433, 1977

73-099 UrSTIN, G.W., and H.E. CABAUD. Tendon transfers in paralytic
hips. Orthop Trans 2:40, 1978

78-100 LIEBER, E., and S, TAYLOR. Inhibition of Intestinal
histamine-netabolizing enzymes by amines known to occur in
scombroid fish. (Abstract) Fifth IEt Cong Food Sci and
Technol, Kyoto, Japan, 17-22 September 1978

78-101 TAYLOR, S.L., L.S. GUTHERTZ, M. LEATHERWOOD, and E.R. LIEBER.
lIis:amine levels in fermented foods and Identification of
histarine-producirtu bacteria. (Abstract) Thirty-eighth
Annual Meeting of the Institute of Food Technologists, Dallas,
TX. 4-7 June 1978
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78-102 LFRE, P.A., S.B. WNE RER, S.L. TAYLOR, and L.S. GUTHERTZ.
Scombroid poisoning. Report of an outbreak. West J Ned
129:381, 1978

78-103 llOP)0,S, R.E., II.E. SAUBERLICH, J.E. CANHAM, D.L. UALLACE,
R.f,. RIICKER., L.A. KEJIA, and 4. MOUIAHRAM. lematopoietic
studies in vitamin A deficiency. Am J Clin Nutr 31:876.
197.

78-1011 SAtJnrRI.ICHl. II.E. Biochemical parameters (Infants, children,
woren). Int Proceedings "Nutrition Assessment of Children
and Yousth6Workshtop," Lansing, MI, 2-. May 1977. pp 33-66.

78-105 SAtTH!FRICTI, 11.%, and M.L.o BROWN (editors). Human Vitamin
56 Requirernents. Pub1 by National Academy of Sciences,
Washington, D.C. 1973. (Proceedings of a vorkshop at LAIR,
Comnittee on Dietary Allowances, Food and Nutrition Board,
National Research Council, 11-12 June 1976)

73-106 SAURLRIrtt, iH.E. Vitaiin indices. Chtapter 6. In: Laboratory

Indices of Nutritional Status in Pregnancy, authored by
National Research Council. National Academy of Sciences.
197A . pp 1.09-156

78-107 CA!.LOWAY, D.l., and K.J. KRETSCH. Protein and energy utili-
ration in men ,iven a rural Cuatemalan diet and egg formulas
with and without added oat bran. Am J Clin Nutr 31:1118,

78-108 Tt'RNIER, JC., and S. SILVER11AN. A caae study of canine
pannsteitis: Comparison of radiographic and radioisotopic
studies. Am J Vet Res 39:1550, 1978

78-109 MIPCK, T,F., F. DEVEIrrO, J.R. NEVILLE, and 11.I. FRIEnMAN.
ONcotic and oxynen transport effect of hemoglobin solutions.
In: Blood Substitutes and Plasma Expanders, edited by G.A.
Jamieor, and T.J. Creenvalt, Now York: Alan R. Liss, 1978
pp 111-147

79-110 1 (kRr., G0..,, M.E. LEDFOIL), and D.E. BROOKS. The distribution
dnd utilization of adenine in red blood cells during 42 days
of 4 C storage. Transfusion 18:538, 19?8

of two 2,1-d ipbosphoglycerati assays. Clin Cheim 24:517. 1978

78-112 PEC). C.C., P.V. ALRO, J.. |USS, D.C. ODGM, 8.3. BARrr,
an_ F.J. BAIEY, Metabolism and excretion of t plasticizer
di-2-ethylhexyl-phthalate in ma. Clin Res 26:101A, 1970
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78-113 Pr, C.C., ad f.F. ZUCK. International forum: Which is thie
i toxiclogic importance of the liberation of phthalates from

plastic containers into blood. itb components and derivatives
Vox Song 34:244, 1973

78-114 PFrK, C.C. Quantitative aspoct# of therapeutic decislon-
making. Chapter 23. In: Clintcal Pharmacology-- sic

FrInciples In Therapetich, edLted by K.L. Melmon and lH.F.
Horrelli. New York, R°Y,: MacMillan CoaJny. 1978
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